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ABSTRACT
This th e s is  addresses  the controversy surrounding how language, and v is ib le  
speech in p a r t ic u la r ,  is coded by orally-educated p re lingually  deaf children.
Three lipreading experiments were conducted with p re lingually  deaf and hearing 
children, beginning with a rep lica t ion  of Dodd & Hermelin (1977) and followed by 
two rev ised  versions of th is  experiment. The r e s u l t s  demonstrated th a t  lipread 
rhyme judgement is based on visemic coding (pattern-m atching of lip movements) 
r a th e r  than a b s t r a c t  phonological coding, as previously  assumed (e.g. Dodd, 1987).
Three fu r th e r  experiments used p ic tu re  s t im u li  r a th e r  than lipread speech to 
approach the phonological coding question and to a s se s s  the ex ten t  of visemic 
coding beyond the lipread context. These experiments showed th a t  phonological 
coding is unavailable to the majority of p re lingua lly  profoundly deaf children  
te s te d ,  although i t  could not be ruled out fo r  a minority of these su b jec ts  who 
were immune to the visemic, orthographic and semantic d i s t r a c to r s  used in a 
rhyme judgement task and who showed no evidence of using a r t i c u la to ry  coding in 
a pseudohomophone judgement task. In a study  of spe ll ing  e r ro rs  made by 
profoundly deaf and hearing children, again using p ic tu re  s t im u li ,  the deaf 
children made predominantly (70%) graphemic e r ro r s ,  p a r t ic u la r ly  word s u b s t i t ­
u tion  e r ro rs .  This is in con tra st  to younger hearing children, who showed a 
c la ss ic  phonetic p a t te rn  of spelling  e r ro rs .
The hypothesis of visemic coding in lipreading was supported by the f ind ings,  but 
l i t t l e  evidence was found for visemic coding in p ic tu re  contexts . An o r thog­
raphic  coding s t r a te g y  was dominant with p ic tu re  s t im u li  for profoundly deaf 
su b jec ts  in spe ll ing  p ic tu re  names, but in making phonological judgements, no 
dominant coding s t ra te g y  emerged. This research  has implications fo r  the o ra l  
method of education of deaf children and for the p rocesses th a t  co n tro l  the 
normal perception of speech.
Copyright © Catriona MacDermid 1991
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Chapter 1; INTRODUCTION
There is a g re a t  deal of evidence for the ro le  of v is ion , v ia  lipreading, in the 
perception of speech in normally hearing sub jects ,  and the re  appears to be a 
developmental trend for the ro le  of v ision to increase during childhood 
(Binnie, Montgomery & Jackson 1974; Conrad 1972; Dodd 1977; Massaro 1987; 
McGurk & MacDonald 1976; M iller & Nicely 1955; Sumby & Pollack 1954).
There is, however, considerable th e o re t ic a l  controversy as  to how v is ib le  
speech is coded by prelingually  profoundly deaf ind iv iduals. A large body of 
evidence fo r  the coding of p r in ted  s t im u li  in terms of l e t t e r  shape r a th e r  than 
speech sounds by deaf children su g g es ts  the p o s s ib i l i ty  of a v isua l code based 
on lip p a t te rn s  ra th e r  than speech sounds when processing  lipread  s t im uli  
(Campbell & Wright 1989; Conrad, 1979; McGurk & Saqi 1986; Saqi 1984).
In c o n t ra s t ,  some investiga to rs  have argued tha t the v isu a l ly  perceived 
information (both prin ted and lipread) is  d irec tly  coded by i t s  sound p a t te rn s  
('phonologically*), even by profoundly deaf children (Dodd & Hermelin 1977; Dodd
1987). This controversy provides a context for the p re se n t  research .
In the U.S.A, s ign  language is widespread in the education of deaf children, and 
research  shows i t  to be a s trong  influence in deaf coding of l in g u is t ic  inputs 
(Bellugi, Klima & Sip le, 1974; Treiman & Hirsh-Pasek, 1983). In th is  country, on 
the o the r  hand, sign is s t i l l  not widely accepted (although Total Communication 
-  s ign p lus  speech -  is popular in some schools). The a c q u is i t io n  of o ra l 
s k i l l s  ( l ip reading  and speech) is heavily s t re s s e d  and, th e re fo re ,  lipreading is 
the source of recep tive  language fo r  most B rit ish  deaf ch ildren . Yet the re  is 
limited re sea rch  into the influence of lipreading in deaf ch ild ren 's  coding of
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various  l in g u is t ic  inputs such as p r in t  or p ic tu re s ;  the debate tends to assume 
th a t  the only a l te rn a t iv e  to phonological coding is graphemic coding (based on 
the v isu a l  appearance of l e t te r s ) .
This ignores the fac t th a t  most B rit ish  deaf ch ildren  learn  to perceive and 
remember lip  p a t te rn s  in the way th a t  hearing ch ildren  perceive and remember 
the sound of the human voice (Tucker & Nolan, 1984). I t  is  the re fo re  worth 
in v e s t ig a t in g  whether, fo r  those deaf children who communicate by the o ra l  
method, lipreading could influence language coding in the way tha t sign 
influences  language coding by deaf children and a d u l ts  in a signing community 
and speech sounds dominate l in g u is t ic  coding by those with normal hearing. In 
the case of picture-naming, for example, there  is  no a p r io r i  reason to assume 
th a t  o ra lly -educated  deaf children code the p ic tu re  names graphemically or 
phono logically . The former assumption ignores the verbal aspect of language, 
whereas the l a t t e r  assumes a sound-based code in the absence of adequate 
hearing. A code derived from lipreading, however, encompasses the v isua l and 
the verba l elements from each of these assumptions without assuming 
phonological awareness, so i t  could be proposed as an a l te rn a t iv e  explanation 
of deaf ch ild ren 's  processing of l in g u is t ic  s t im u li  in p ic tu re  form.
The argument for phonological coding of v is ib le  speech is  based prim arily  on 
the r e s u l t s  of lipreading experiments claiming to dem onstrate an a b i l i ty  of 
(o ra lly -educated) p re lingually  profoundly deaf ch ildren  to de tec t  rhyme from 
lip movements (e.g. Dodd & Hermelin 1977, expt.3). P rin ted  homophone 
experiments with profoundly deaf children carr ied  ou t by Dodd & Hermelin 
(1977, e x p ts . l  & 2) have s ince been shown to evidence graphemic coding r a th e r  
than phonological coding as previously assumed (Saqi 1984); ca re fu l an a ly s is  of 
the procedures used in Dodd & Hermelin's (1977) l ip reading  experiment has
revealed  s im ila r  methodological inadequacies. In p a r t ic u la r ,  the re  have been no 
con tro ls  to exclude the p o ss ib i l i ty  of lip  shape (visemic) coding in lipreading.
The ro le  of lipreading in language processing w ill be explored in th is  thes is .
In p a r t ic u la r ,  the coding of lipread m ateria l  i t s e l f  w ill  be examined with 
re sp ec t  to the hypothesis th a t  deaf children understand what lip read  words 
sound like, i.e. th a t  they code them phono logically . In addition, the th e s is  
w ill  examine the r e la t iv e  influence of lipread, phonological and graphemic 
codes on deaf ch ild ren 's  processing of o the r  l in g u is t ic  inputs, namely reading, 
p ic tu re  naming and spelling .
There follows an examination of the background to these em pirical issues .
-  3 -
Chapter 2: DEAFNESS AND ITS CONSEQUENCES
2.1 D efin ition  of deafness
Deafness is  not necessa r i ly  the to ta l  loss of hearing but covers shades of 
hearing impairment, from mild to profound, across the sound spectrum; the 
healthy  human ear  can d e tec t  sounds from a wide range of frequencies  (between 
a low p itch  of 20 v ibra t ions  per second or 20 Hertz to a h igh-p itched  20,000 
v ib ra t io n s  per second or 20 kHz), but speech is transm itted  on a frequency band 
ranging between 125 Hz and 8 kHz, prim arily  between 250 Hz and 4 kHz. The 
in ten s i ty  of sound in re la t io n  to perceived loudness is measured in decibels 
(dB), with OdB rep resen ting  the threshold of hearing in a healthy  adu lt .  Very 
fa in t  speech is typ ically  around 40dB, normal conversation around GOdB and 
shouting around 90dB (Webster & Ellwood, 1985). The decibel sca le  is 
logarithmic, re f le c t in g  the fac t  tha t a perceived doubling in loudness 
corresponds to  a tenfold increase in the physical in ten s i ty  of the sound (Clark 
& Yallop, 1990). Hence, the physical d ifference  between 40 and 60dB is 
ac tua lly  fa r  less  than the d iffe rence  between 70 and 90dB, but the human ear  
is in sen s it iv e  to the increase in scale .
Hearing loss  is commonly measured by pure-tone audiometry. An audiometer 
re lays  pure tones of varying frequencies to the l i s te n e r  through headphones, 
allowing the audio log is t to draw up a graph showing the hearing  loss a t  
severa l speech frequencies (usually between 250 Hz and 4 kHz), expressed in 
decibels. Severe deafness is genera lly  defined as hearing  loss g r e a te r  than 
GOdB averaged across the speech frequencies; profound deafness  is defined as 
an average hearing  loss above 80dB. Assuming the individual had a reasonably 
uniform hearing  loss of 80dB, then a person shouting a t  90dB would be fa in t ly
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percep tib le .  It should be noted, however, th a t  a p a t te rn  of g re a te r  
h igh-frequency loss than low-frequency loss is common in children a t tend ing  
sp ec ia l  schools fo r  the deaf (Reed, 1984). For example, an average hearing 
loss  of 80dB could encompass a high-frequency loss of 120dB but a low- 
frequency loss of only 40dB. This might allow aud ito ry  reception  of some low- 
frequency components of speech. Thus, profound deafness  may not exclude a l l  
aud ito ry  reception  of speech, bu t is o ften  se le c t iv e .  (This w ill be described 
in more d e ta i l  in sec tion  2.4.)
2.2 Types of deafness
Conductive dea fness  is the term used to r e f e r  to damage of the ex te rna l 
aud ito ry  canal, the tympanic membrane (the ear  drum) or the middle ea r  
(containing the malleus, incus and s tapes  bones, or o ss ic le s ) .  In children, 
the re  are  now few cases of i r rev e rs ib le  conductive deafness , since middle ear  
in fec tion  can be trea ted  with an t ib io t ic s ,  and simple perfo ra t io n  of the ea r  
drum can be cured by t is s u e  g ra f t s .
Damage to the inner ear  is more serious , r e s u l t in g  in sensorineura l deafness. 
The inner ea r  is a s t ru c tu re  of winding passages, p a r t  of which is the cochlea. 
Sound waves pass from the middle ear  through the oval window and along the 
s p i r a l  of the cochlea (see Figure 2.1). Here, they t r ig g e r  h a i r  c e l ls  connected 
to f ib re s  of the auditory  nerve leading to the bra in . The cochlea is a 
s e n s i t iv e  organ and is p a r t ic u la r ly  suscep tib le  to damage. P renata l in fec tion  
can cause the h a ir  c e l ls  to degenerate without replacement, or in some cases  
the cochlea f a i l s  to develop fu lly . T inn itus  is a condition in which a f a u l t  in 
the working of the cochlea genera tes  a sound like a w h is tle  or escaping steam 
(or a combination of sounds), which may be su b t le  o r  extremely loud, and is 
heard by the s u f fe re r  whenever background noise is  s u f f ic ie n t ly  low. This
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condition can occur in addition to hearing loss, which b e l ie s  the notion of the 
deaf person living in a s i l e n t  world. Another problem common in sen so r in eu ra l  
deafness, known as recru itm ent,  is tha t,  although qu ie t sounds cannot be 
perceived, loud sounds appear louder than they ac tua lly  are  and may reach the 
s u f f e r e r 's  threshold  of pain. This means th a t  they do not b en ef i t  from 
speakers  shouting or from too much amp 1 if ic a t io n  through a hearing aid.
Figure 2.1 î Diagram of the aud ito ry  mechanism (Adapted from R.N.I.D., 1989)
As ye t ,  the re  is no es tab l ish ed  cure for senso rineu ra l  deafness (Mogford,
1988). Cochlear implants provide some r e l i e f  for to ta l ly  deafened a d u l ts ,  but 
they are  not ben ef ic ia l  to p re lingually  deaf children.
The incidence of severe to profound deafness a t  b i r th  is approximately 1 in 
1000 b ir th s ,  although o f f ic i a l  s t a t i s t i c s  are not kept. There are  DES 
s t a t i s t i c s  on the number of deaf and p a r t ia l ly  hearing children in schools , 
ind icating , for 1983, th a t  3.95 per 10,000 of the school population were deaf 
and 4.88 per 10,000 were p a r t ia l ly  hearing.
A —
2,3 Causes of deafness
Far more cases of deafness have an unknown or mixed aetio logy  than a s ing le  
id en tif iab le  cause. McCay Vernon's (1968) survey of 1,468 ch ildren  with a mean 
hearing loss g r e a te r  than 65dB showed th a t  30% had unknown aetio logy; 12% 
were premature b ir th s ;  9% of cases re s u l te d  from maternal rube lla ;  8% were 
caused by m eningitis  and 5% showed h e red i ta ry  deafness (i.e. both paren ts  were 
deaf). More remote fam ilial deafness (e.g. s ib l in g s  or o the r  re la t iv e s )  
increased the h e red i ta ry  proportion to 25%. 32% of cases showed a combination
of these a e t io lo g ie s  or id iosyncratic  diagnoses.
Fraser  (1964) e s tim ates  tha t 50% of congenital deafness is gene tic  (hereditary) 
in o rig in  (as d i s t in c t  from p rena ta l in fec tion  or p e r in a ta l  trauma).
Those with non-hered ita ry  deafness genera lly  s u f fe r  neurophysio logical sequalae 
in addition, so th e i r  mental development and progress through school are  more 
likely to be adversely a ffec ted  than is the case for the h e red i ta ry  deaf. This 
accounts fo r  the higher prevalence of h e red i ta ry  deafness when samples are  
taken from school populations (as opposed to specia l in s t i tu t io n s ) .
In a recen t s tudy  of 1644 children a t tend ing  a Hearing and Speech Centre, the 
sample was screened for cytomegalovirus (CMV), which is the most common 
congenital in fec tion  in the UK. It has a prevalence of 3-4  per 1000 live 
b ir th s ,  but i t  is considered asymptomatic in over 90% of cases .  CMV was found 
to be p resen t in 13% of the children with (non-fam ilial) sen so r in eu ra l  hearing 
loss, compared to a prevalence of 7% in those with o the r  types of deafness and 
normal hearing (Peckham e t  a l.,  1987). The au thors  discovered th a t  the more 
vague the s ta t e d  aetio logy of senso rineu ra l deafness, the h igher the incidence 
of CMV, sugges ting  a mistaken diagnosis  due to lack of screen ing  fo r  th is
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virus .  They es tim ate  tha t CMV could account for 12% of babies born with 
senso r in eu ra l  hearing loss each year. Nonetheless, these  findings should be 
t re a te d  with caution, as Peckham e t  a l .  (1987) have assumed a causal 
re la t io n sh ip  from c o rre la t io n a l  evidence.
Vernon (1968) noted the sharp decline in post lingual deafness  (i.e. occurring 
a f t e r  the acqu is i t ion  of verbal language) from 40% to 5% of the deaf school- 
age population, due to the in troduction  th is  century of vaccines and 
a n t ib io t ic s  to control such causal agents  as s c a r le t  fever  and polio. Thus, 
the v as t  majority of deaf children in schools today are  p re lingually  deaf and 
th e re fo re  deprived of early  experience of normal speech and hearing. The 
implication of th is  s h i f t  is th a t  schools for the deaf which continue to teach 
by the o ra l  method ( s t r i c t  adherence to speech and lipreading, forbidding the 
use of s ign language) are  using methods o r ig ina lly  designed for a deaf 
population which had already lea rn t the language o ra l ly  and had once spoken 
f lu en t ly .  The pre lingually  deaf child, however, may begin school with a limited 
awareness of language i t s e l f ,  a se r ious  handicap indeed. (This w ill  be 
d iscussed fu r th e r  in Section 2.7.)
2.4 Residual hearing
Auditory speech perception involves segmenting a continuous acoustic  s igna l 
into l in g u is t ic a l ly  meaningful un its .  However, l i s t e n e r s  do not track 
individual speech sounds (phonemes) during a conversation , bu t in fer  them 'top -  
down* through p a t te rn -reco g n it io n  processes (Warren, 1982). This implies 
ana lysis  of more manageable u n its ,  namely the suprasegm ental f e a tu re s  of 
speech: duration , intonation and s t r e s s .  Duration (i.e. time) is the most basic  
fea tu re ;  in tonation is cued by pitch  (i.e. frequency) changes over time and
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s t r e s s  is cued by in ten s ity  (i.e. loudness) changes over time. These prosodic 
fe a tu re s  of speech provide n a tu ra l  breaks between sy l la b le s ,  words, c lauses  and 
sen tences .  But with profound deafness, so much of the acoustic  s ig n a l  is 
unavailable  th a t  information about in tens ity  v a r ia t io n s  over time is se r io u s ly  
d is rup ted . French-St.George (1986) sugges ts  th a t ,  fo r  the profoundly deaf, the 
s i l e n t  in te rv a ls  between audible segments can be so long th a t  they may be 
confused with phrase or sentence boundaries.
Unlike the pure tones of the audiometer, individual speech sounds a re  complex, 
th a t  is ,  made up of severa l frequencies. The basic  tone in a speech sound is 
termed the fundamental frequency. Consonants a re  genera lly  made up of higher 
frequencies than vowels, which are genera lly  louder than consonants. This 
means tha t an individual with high-frequency hearing loss cannot hear many 
consonants, which carry  more information in English than vowels alone (as 
i l lu s t r a t e d  by the Speedwriting advertisement: ‘F u cn rd ths u cn g t  a gd jb ’; 
the vowel-only equivalen t would be: ‘I ou a ea i ou a e a oo o ’). Furthermore, 
phonemes th a t  share  low-frequency components can no longer be d iscrim inated  by 
th e ir  v a r ia t io n s  in the high frequencies. For example, /u /  and / i /  both have a 
low-frequency component around 300 Hz, but /u /  can be d is tingu ished  by a high- 
frequency component in addition; th is  is absent for the deaf individual with 
g re a te r  hearing loss  in the high frequencies.
2.5 Hearing aids
Hearing a ids  do not r e s to re  normal hearing to a deaf individual; they can only 
amplify what re s id u a l  hearing the user has. With a moderate conductive 
hearing loss , am plification  w ill r e s to re  speech in t e l l ig ib i l i t y  to 100% (as 
measured by speech audiometry, which uses s e lec ted  nonsense sy l la b le s  or words
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r a th e r  than pure tones as s tim uli) .  However, senso rineura l deafness  causes 
d is to r t io n  as  well as decreased loudness, which lim its  the b e n e f i t  of hearing 
aids such th a t  speech in te l l ig ib i l i ty  never reaches 100% (Pavlovic, 1989; Reed, 
1967, 1984). A qu ie t  d is to r te d  sound Is simply amplified in to  a loud d is to r te d  
sound. One so lu tio n  to th is  problem has been the development of hearimg aids 
th a t  amplify d i f f e re n t ia l ly  the various speech frequencies (Pavlovic, 1989).
Profound deafness  s ig n if ican tly  impairs frequency d iscrim ination. This leads 
French-St.George (1986) to sugges t th a t  amplified low-frequency auditory  
s igna ls  from hearing aids may be perceived a t  a t a c t i l e  r a th e r  than auditory  
level by those with the most profound hearing loss. That is , the deaf 
individual may be feeling  the sound r a th e r  than hearing i t .  This need not be a 
disadvantage and, indeed, t a c t i l e  speech transm ission aids have been developed 
since the 1920s based on frequency lowering, although they are  not in 
widespread use (Brooks & Frost, 1986; Lynch e t  al.,  1989; Risberg, 1982). 
Originally , they were intended as to ta l  s u b s t i tu t e s  for hearing, but now they 
are genera lly  considered as lipreading a ids.
Rosen e t  a l .  (1987) have developed a p a t te rn -p ro cess in g  hearing  aid th a t  
p resen ts  only the larynx-frequency p a t te rn  of speech (containing the speech 
fundamental frequency without the h igher overtones). They found th a t  th is  
p a r t i a l  acous tic  information was in fac t  of g re a te r  communicative value to 
profoundly deaf l i s te n e rs  than the complete speech s ignal .
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2.6 Speech production
The speech of deaf people shows c h a ra c te r i s t ic  v a r ia t io n s  from normal speech. 
Nickerson (1975) noted th a t  deaf speech is slow, lacks the co rrec t pitch, 
rhythm, in tonation  and s t r e s s  and o f ten  has a f l a t ,  monotonous character.
There may be no d is t in c tio n  between voiced and unvoiced consonants, or 
consonants may be missing a l to g e th e r .
A rece n t  s tudy  of the speech e r ro r s  of o ra l ly - t ra in e d  deaf children (Abraham,
1989) examined both th e ir  phonetic inventories  (i.e. th e i r  a b i l i ty  to a r t i c u la te  
consonants with precision) and th e i r  phonological system s (i.e. th e ir  use of 
phonemic co n t ra s ts  to s ignal d if fe ren ces  in meaning). Of the 13 children 
s tud ied  (aged between 5 and 15 years), a l l  produced the s top  consonants 
/p ,b ,t ,d ,k/, the nasals  /m,n/, the f r ic a t iv e s  / f /  and /h / ,  the g lide  /w/ and the 
liquid / I /  in w ord - in it ia l  positions. In the w ord-final pos ition  only the 
nasa ls  /m,n/ were produced by a l l  su b jec ts ,  although the unvoiced s tops  /p , t / ,  
the f r i c a t iv e  / J  /  and the l iqu ids  / I /  and / r /  were a l l  ev ident in 12 of the 13
inven tories .  Other f r ic a t iv e s ,  p a r t ic u la r ly  /&/ and /z / ,  and the a f f r i c a te s  / t j /
and /d5/ were absent from severa l su b je c ts '  phonetic inven to ries .  (Indeed, /z /  
was only produced in 2% of su b jec ts '  w ord-final pronuncia tions.)  In i t ia l  
inven tories  were s ig n if ican tly  la rge r  and more complete than f in a l  inventories . 
Nasals and s tops  were produced more accurate ly  in words than liquids, 
f r ic a t iv e s  or a f f r ic a te s .  (The most common p a t te rn  of deafness  in children  is
to have more res idua l hearing in the low-frequency range, which f i t s  the
aco u s tica l  p ro p er t ie s  of nasa ls  and s tops  ra th e r  than f r ic a t iv e s . )
At the phonological process level, c lu s te r  reduction  (e.g. /h e e d /  for hand) 
occurred in the speech of a l l  13 sub jec ts .  Most s u b jec ts  showed s im p lif ica t io n  
of liqu ids  (e.g. / tw ein / for train), d ea ff r  icat ion (e.g. /b r i ? /  for bridge),
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de le tion  of the f ina l consonant (e.g. / l i /  for leaD  and s tr idency  d e le t io n  (lack 
of turbulence in f r ic a t iv e s  and a f f r ic a te s ) .
These r e s u l t s  a re  s im ilar  to those found by Dodd (1976), studying the 
phonological systems of 10 o ra l ly - t ra in e d  9-12 year-o ld  deaf  children, although 
she made no comparison between w o rd - in it ia l  and w ord-fina l consonants. The 
phonetic e r ro r  p a t te rn s  found in both s tu d ie s  a re  s im ila r  to e r ro rs  made by 
normal hearing  children a t  the much younger age of 3 years  (e.g. Dyson, 1988), 
which Abraham and Dodd take as indicating delayed but e s s e n t ia l ly  normal 
phonetic development. However, f r ic a t iv e s  and a f f r i c a te s ,  although la te  to 
emerge in hearing in fan ts '  phonetic inventories, a re  a p e r s is t in g  source of 
d i f f i c u l ty  fo r  deaf children into adolescence. This g ro ss  delay could be seen 
as  r e f le c t in g  the e s s e n t ia l ly  auditory  base of verbal language, s ince the 
elements of speech the deaf child finds hardes t to produce are  those which are  
beyond the availab le  auditory  range (Abberton e t  a l .,  1986).
The hearing children in Dyson's (1988) study, like Abraham's (1989) deaf 
su b jec ts ,  a lso  showed a la rg e r  w o rd - in it ia l  consonant inventory than th e ir  
w ord-fina l inventory, sugges ting  a d i f f ic u l ty  in processing  e n t i r e  words 
rap id ly  enough for long-term re te n tio n  (Bransford, 1979).
The phono logical process analyses of Abraham (1989) and Dodd (1976) show th a t  
o ra l ly - t r a in e d  deaf children do develop a t  le a s t  some phonological behaviours 
th a t  a re  cons is ten t  and ru le -based  and the re fo re  s ig n a l  d if fe rences  in meaning, 
although they may not follow the ru les  of conventional English phonology.
-  12 -
2.7 Language
As seen above, deaf children of deaf paren ts  a re  a small minority of the deaf 
population. B rit ish  f ig u re s  sugges t th a t  9% have a t  le a s t  one deaf paren t and 
only 3% have two (Quigley & Kretschmer 1982); children in th is  m inority o f ten  
grow up in a signing  family and thus acquire s ign language as th e i r  na t ive  
language. They then have to ad ju s t  to the hearing  world when they begin 
school. The majority with hearing paren ts  have what is  probably the g r e a te r  
problem of limited communication with th e ir  own family because of the 
d i f f i c u l ty  in acquiring spoken language with minimal aud ito ry  feedback. 
Occasionally, hearing paren ts  w ill adopt s ign language, but s ince i t  is  a second 
language for them, they may not be f luen t and they tend to be influenced by 
the s t r u c tu r e  of spoken English (Mogford, 1988). The consequence of th is  
impoverished in te rac tion  can mean the ch ild 's  a r r iv a l  a t  school with a weak 
understanding of language i t s e l f  (Conrad, 1979).
The hearing child acquires language prim arily  by l i s ten in g  to (but a lso  by 
watching) na tive  speakers long before attem pting  to produce an u tte ran ce .  
Whereas comprehension normally precedes production, th is  sequence may be 
d is rup ted  for the deaf child  of hearing paren ts .  The profoundly deaf in fan t 
does not bene fi t  from the 'mood music’ transm itted  by the in tonation of i t s  
p a re n ts '  speech, and the assoc ia ted  fac ia l  movements, which i t  can perce ive , are  
d is rup ted  every time the in fan t tu rns i t s  head (unlike the auditory  s ig n a l  for 
a hearing infant). A fter the age of four months, when the in fan t 's  a t t e n t io n  
is  a t t r a c te d  more by objects  than by human faces, the hearing child again has 
an advantage over the deaf child in being able to focus on and play with an 
ob jec t while a t  the same time lis ten ing  to speech th a t  is contingent on the 
in fa n t 's  behaviour. Shared a t te n t io n  to an object f o s te r s  awareness of the
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likely  messages from the speaker. Deaf children a re  handicapped in not being 
able to a t ten d  both a speaker and an object sim ultaneously. Thus, the 
a sso c ia t io n  between recep tive  speech and communicative in ten t  develops more 
slowly in the deaf child than in the hearing child (Wood e t  a l .,  1986).
A study  of the early  language development of e igh t  deaf children of hearing  
p aren ts  in an o ra l  home environment (Gregory & Mogford, 1981) showed both a 
delay in acq u is i t io n  of the f i r s t  hundred words compared to normal ch ildren  
and a s ig n if ic a n t  re la t io n sh ip  between r a te  of acq u is i t io n  and degree of 
hearing  loss  (which ranged from 45dB to to ta l  deafness). For example, whereas 
i t  gen e ra lly  takes hearing children one month to p rog ress  from th e ir  f i r s t  
word to the ten-word milestone, the deaf children in the s tudy took an average 
of seven months. This average excludes the two most profoundly deaf ch ild ren  
who had not reached the ten-word s tage  by the age of 4 years . Hearing 
children reach th is  s tage  around the age of 12 months.
This i n i t i a l  lag behind hearing ch ild ren 's  language development increases 
exponentially  through the childhood years, leading to d i f f i c u l t i e s  with both 
speech and reading. In Conrad's (1979) extensive survey of the deaf school 
leavers  of England and Wales, there  was a c lear  re la t io n sh ip  between level of 
deafness and speech in te l l ig ib i l i ty ;  74% of children with hearing losses above 
90dB had barely  in te l l ig ib le  speech, compared with only 6% of those with lo sses  
below 70dB. Furthermore, 50% of the 15- to 16-year-o lds  with hearing losses  
over 85dB were found to demonstrate no e f fe c t iv e  reading  comprehension, and 
the median reading age for the e n t i re  sample was 9 years .  In both w riting  and 
speech, deaf children show an inadequate grasp of English grammar; even as 
ad u l ts ,  a lthough th e ir  vocabulary of nouns and verbs inc reases  g rea t ly ,  
function words (a r t ic le s ,  conjunctions, p repositions  and pronouns) remain poorly
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developed (Moores, 1970). Moores argues th a t  a t tem p ts  to teach deaf school­
ch ild ren  speech and l i te rac y  are  doomed to fa i lu re  because, f i r s t l y ,  these  
ch ild ren  have passed the optimal period fo r  language acqu is i t ion  (around 3 to 
4 y ea rs  of age) and, secondly, the teaching methods a ttem pt to impose an ad u lt  
grammatical model, which is not the n a tu ra l  mechanism fo r  language acqu is i t ion .  
Thus, p re lingua lly  deaf children in an o ra l environment lack early  o p p o r tu n i t ie s  
fo r  the development of language through the normal process of being immersed 
in the l in g u is t ic  environment. Instead, they are  given speech tra in in g  on the 
assumption th a t  th is  is equivalen t to language learning. Wood e t  a l .  (1986) 
s im ila r ly  point to an overemphasis on speech a t  the expense of communicative 
meaning.
For the h e red i ta ry  deaf, the s i tu a t io n  is o ften  more promising. They are  born 
in to  a l in g u is t ic  environment (sign language) appropria te  to th e ir  d is a b i l i ty ,  
fo s te r in g  (visual) language acqu is i t ion  and meaningful in te rac tion  between 
child  and parent. Because language acqu is i t ion  is not laboured, i t  keeps pace 
with the ch i ld ’s cognitive and physical development. That is, by the time the 
child  is ambulatory and has in ten tions, the foundations of sign language are  
e s tab l ish ed ,  allowing meaningful communication. Indeed, s tu d ie s  of deaf 
ch ildren  exposed to American s ign language ind icate  th a t  they produce s igns  
e a r l i e r  and expand th e ir  vocabularies more quickly than hearing children  do 
using words (Schlesinger & Meadow, 1972), Rodda & Grove (1987) have argued 
s tro n g ly  th a t  th is  acqu is i t ion  of a native  language is  v i ta l ly  important and 
th a t  the problems of 'deafisms' in verbal language (i.e. using the syntax of 
s ign  language in spoken English) are less  c r i t i c a l  and can be overcome by 
teaching English as a second language, Charrow & F le tcher  (1974) used the 
'Test of English as a Foreign Language' to dem onstrate th a t  deaf ch ildren  of 
deaf p a ren ts  performed s im ila r ly  to foreign, norm ally-hear ing, s tu d en ts  of
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English. Furthermore, these  deaf su b jec ts  performed s ig n if ic a n t ly  b e t t e r  than 
(s l ig h t ly  older) deaf children of hearing paren ts  on s ix  out of seven language 
measures.
2.8 Summary
In summary, i t  seems c lea r  th a t  ea r ly  damage to the aud ito ry  mechanism, 
p a r t ic u la r ly  senso r in eu ra l  deafness, has a d evas ta ting  e f f e c t  on the young 
ch i ld ’s  opportunity  to acquire a spoken language. Where no a l te rn a t iv e  to 
auditory  speech is provided, the child may develop no awareness of language 
i t s e l f  for sev e ra l  years . Speech tra in ing  is a slow and a r t i f i c i a l  method of 
teaching what o the r  children learn spontaneously. Consequently, deaf speech 
shows c h a ra c te r i s t ic  e r ro rs  rep resen ting  delayed phonological development.
Those deaf children of deaf parents  genera lly  show b e t te r  language development 
but demonstrate ’deafism s’ in th e ir  use of syntax and r a is e  ques tions  about the 
e f f e c t s  of b il ingua l education on language development. These problems have 
fuelled  the f ie rce  debate on the r e la t iv e  m erits  of s ign  language and o ra l  ism 
for many years. There follows a b r ie f  h is to ry  of the methods of educating the 
deaf. T h ereaf te r  the focus w ill be on ora lly -educa ted  deaf children  and th e ir  
lipreading s k i l l s  in comparison with hearing ch i ld ren ’s use of lipreading.
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Chapter 3: HISTORY OF THE EDUCATION OF DEAF CHILDREN
3.1 Beginnings of deaf education
A r is to t le  (384-322 B.C.) s ta te d  in M etaphysics th a t  even though the deaf had 
voice, they were speechless. This was m is trans la ted  to  ind ica te  th a t  the deaf 
were dumb, re le g a t in g  them to the c la ss  of id io ts  and animals for cen tu ries .  
Education of any kind was considered f u t i l e  u n t i l  the middle of the s ix teen th
century, and even in the n ine teenth  century (in England a t  le a s t )  they were
c la s s i f i e d  by law as among those unable to make a w ill .  Until the tw elfth  
century  they were not allowed to marry under Roman law. Throughout the 
Middle Ages, a d is t in c t io n  was made in law between the adv en t i t io u s ly  deaf who 
had received some education and could speak, and th e re fo re  belonged to soc ie ty , 
and the p re lingua lly  deaf, who were considered ineducable and there fore  
o u tc a s ts ,  beyond the p ro tec tion  of the law. If a nobleman's f i r s tb o rn  son was 
deaf-m ute, the family fortune and t i t l e  could not be inhe ri ted .  For th is  
reason, when a Spanish Benedictine monk succeeded in teaching  congenitally  deaf 
individuals  to speak, he gained many pupils  who were the sons of noblemen.
The monk was Pedro Ponce de Leon, who died in 1584. He is  considered to be 
the f i r s t  teacher of the deaf, reported ly  using s igns  and w riting  in i t ia l ly  but 
then teaching h is  pupils to respond orally .  No w r i t ten  record  of h is  method 
surv ives ,  although a published manual by Juan Pablo Bonet (1620) may have 
p lag ia r ised  unpublished w ritings by Ponce de Leon (Lane, 1984).
During the next 150 years, many educators of the deaf emerged in Europe, 
notably John Wallis and Henry Baker in England, George Dalgarno and Thomas 
Braidwood in Scotland, Conrad Amman in Holland, Samuel Heinicke in Germany and 
Jacob P ere ire  in France. Baker, Braidwood, Heinicke and P ere ire  in p a r t ic u la r
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were s e c re t iv e  about th e ir  methods, s ince they were o ffe r in g  p r iv a te  tu i t io n  to 
fee-pay ing  c l ie n ts  and would p re fe r  not to have any r iv a l s .  However, a 
contemporary of Pereire  was the French p r ie s t  Charles de l'Epée (born in 1712), 
who was dedicated to helping the poor and who e s ta b l ish e d  the f i r s t  public 
in s t i tu t io n  fo r  the deaf children of Paris  a t  h is  own expense. He taught a 
vers ion  of the ch ildren 's  own sign  language modified to resemble the s t r u c tu r e  
of French. His pupils loved him and h is  d isc ip le s  founded a dozen schools for 
the deaf  in Europe within h is  life tim e. Later, h is  method spread to America 
when one of the teachers a t  h is  school, Laurent Clerc, agreed to s e t  up a 
school a t  Hartford, Connecticut with the American Thomas Gallaudet in 1817.
Sign language became the dominant method of educating the deaf in the United 
S ta te s  u n t i l  1867, when John Clarke helped e s ta b l is h  the f i r s t  o ra l  school for 
the deaf in M assachusetts. The following year in England, Thomas Arnold s e t  
up the f i r s t  purely o ra l school in Doncaster and o th e rs  soon followed.
3.2 The r i s e  of o ra l  ism
Sign language remained in use in many countries  u n t i l  the In te rna tiona l 
Congress on the Education of the Deaf in Milan in 1880 outlawed i t  and 
declared  o ra l  ism the o f f ic i a l  teaching method. Speech and lipreading were to 
be used exclusively  thenceforth . Sign language was re je c ted  because of :
"the incontestable  s u p e r io r i ty  of a r t i c u la t io n  over s igns in 
re s to r in g  the deaf-mute to society"
(Resolution I; quoted in Conrad (1979) p.286)
This re so lu t io n  aimed to abolish  the problem of ‘deaf g h e t to e s ’, or communities
of s ig n e rs  unable to in teg ra te  with the hearing community. I t  was considered
p re fe rab le  fo r  the deaf to speak and understand speech and thus be able to
communicate with hearing people. The use of s ign language was then punished
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in schools fo r  the deaf but i t  continued as a c landes tine  a c t iv i ty ,  p a r t ic u la r ly  
amongst those for whom i t  was the f i r s t  language a t  home.
Lipreading was already  being used in schools in England, Scotland and Germany.
Alexander Graham Bell, in i t ia l ly  scep tica l  of the b e n e f i ts  of lipreading (from
an understanding of the in v is ib i l i ty  of many speech sounds), was to become an
in f lu e n t ia l  advocate of pure o ra l  ism in the 1880s. His conversion came about
when he v is i te d  a new day school for the deaf in Boston, M assachusetts  in 1871
to  t r a in  the teachers  in the use of h is  fa th e r  M elville Bell's  ‘V isible Speech
Symbols'. These symbols, like any phonetic system, could depict g raph ica lly  any
sound made by the human vocal organs but, uniquely, the re  were ten basic
symbols rep resen ting  the tongue, larynx, lips  and nasa l passage. The system
could the re fo re  be used to teach a deaf child  how to arrange the a r t i c u la to r s
to  y ie ld  the desired  speech sound. In fac t ,  the system, although widely
pra ised , proved d i f f i c u l t  to learn and was dropped a f t e r  a th ree -y ea r  t r i a l .
However, A.G. Bell's  observations of the deaf ch ildren  he found in the Boston
school had made a la s t in g  impression on him. He commented tha t:
"the children rea l ly  did seem to understand, to a very u se fu l  ex ten t ,  
the u tte ran ce  of th e ir  fr iends and th e i r  teachers ; they were no t deaf 
a t  home; they were not deaf with th e i r  teachers ; my c u r io s i ty  was so 
much aroused to a sce r ta in  the cause of what seemed from my po in t of 
view impossible as to lead me to make the in s tru c t io n  of the deaf my
l i f e  work." (quoted in DeLand (1931) The S to ry  o f  L ipreading  p .117)
3.3 The a r t  of lipreading
When Melville Bell published h is  f i r s t  basic textbook on ^Speech-Reading and 
A rticu la tio n  Teaching' in the 1870s, he expressed wonder th a t  so many deaf 
individuals  had mastered lipreading without the b en e f i t  of any w r i t ten  
in s tru c t io n s  on the sub ject.  Once such in s tru c t io n s  were ava ilab le  i t  was 
o f ten  fo rgo tten  th a t  lipreading could be acquired n a tu ra l ly ;  i t  came to be seen
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as a s c ie n t i f ic  cure for deafness. A book by Miss E.F. Boultbee <1913), 
e n t i t l e d  'Help fo r  the Deaf: what lipread ing  is ' exem plifies th is  a t t i t u d e :
"Let every deaf person know, then, fo r  a c e r ta in ty  th a t  NO CASE 
IS HOPELESS. This system of seeing  the words without hearing sound - 
hearing by s ig h t ,  as i t  has been ap t ly  termed -  can revo lu tion ize  the 
lives both of the deaf and the p a r t ia l ly  deaf; i t  provides the long- 
sought remedy. Learn th is  too l i t t l e  known a r t ,  and le t  not so much 
of l i f e ' s  joy pass by..." (p.65-5).
The teaching of lipreading a t  th is  time was genera lly  a n a ly tic  in na tu re ,  
itemising mouth pos itions  corresponding to individual sounds and giving 
ex tensive p ra c t ic e  of these v isua l p a t te rn s  in sy l la b le s ,  words and sentences.
In America a t  the tu rn  of the century, Martha Bruhn based her work la rge ly  on 
sy llab le  d r i l l ,  following her s tu d ie s  with Mueller-Walle in Germany.
The fac t th a t  only f i f t y  percent of speech sounds are  v is ib le  was acknowledged 
by some, accepting th a t  a process of sy n th es is  was a lso  requ ired  by the 
lipreader. This process involves ex tra c t in g  the meaning from speech without 
analysing i t  phoneme by phoneme. Mabel Gardiner Bell, the deaf wife of 
A.G. Bell, h e r s e l f  an exce llen t l ip reader, was the f i r s t  to advocate sy n th es is  in 
lipreading:
t
"Speech-reading is e s se n t ia l ly  an in te l l e c tu a l  exerc ise ;
the mechanical pa r t  performed by the eye ... is e n t i re ly  subsid iary .
The aim of the speech-reader should be to grasp  the speaker 's  meaning 
as a complete whole, and not a ttem pt to decipher i t  word by word or 
even sentence by sentence." (1895, p. 171)
E.B. Nitchie, who had begun teaching lipreading  by a s t r i c t l y  an a ly tic  approach, 
was inspired by Mrs. Bell to adopt an emphasis on sy n th e t ic  lip reading  by 1912. 
He encouraged h is  pupils  to develop g re a t  accuracy and speed in iden tify ing  
the e a s ie r  lip movements and to supply the less  v is ib le  movements by in tu it io n .
- 2 0 -
A system developed by Karl Brauckman in 1925 in Jena, Germany, emphasised 
k in a e s th e t ic  sensa tion  in speech perception by t ra in in g  deafened pupils  to 
mimic the mouth movements of the speaker. Brauckman's method, la te r  known as 
the Jena method, was t ran s la ted  into English by Jacob Reighard and, like 
Melville B ell 's  Visible Speech Symbols, was received e n th u s ia s t ic a l ly  in the 
USA, although i t  was never firmly es tab lished .
The lip read ing  methods of Melville Bell, Bruhn, Nitchie and Brauckman were a l l  
designed fo r  use with adven tit ious ly  deafened pupils,  u sua lly  adu lts .  A.G. Bell 
f e l t  th a t  speech could not be le a rn t  by the congenita lly  deaf because they did 
not a lready  know the language. For them, he recommended s ign  language, which 
was soon to be banned from a l l  schools for the deaf, due p a r t ly  to h is  own 
e f f o r t s .  Nonetheless, he a lso  recommended the use of w r i t te n  language to 
teach the congenita lly  deaf, seeing  i t  as an equivalen t system to the manual 
alphabet. This r e f le c t s  the methods used by the e a r l i e s t  tu to r s  of deaf-m ute 
children, including Ponce de Leon. Most modern lipreading  tra in ing  is based on 
the Bruhn and Nitchie methods (with the addition of film techniques, e.g. Mason, 
1942) and th e re fo re  has no spec ia l  re ference  to the congen ita lly  profoundly 
deaf child . Despite th is ,  the m ajority o f  congenitally  profoundly deaf children 
in B rita in  are  s t i l l  taught in o ra l  schools, with speech and lipreading as the 
s tandard  in s tru c tio n  media, on the assumption th a t  i t  is  helping to " re s to re  
them to society". Emphasis s ince  the 1950s has la rge ly  been on early  
d iagnosis  of deafness, the development of so p h is t ica ted  hearing  aids and 
t ra in in g  in the use of re s id u a l  hearing to improve the q u a l i ty  of o ra l  
education (e.g. Fry, 1966; Ling & Ling, 1978).
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3.4 Educational achievement
Not u n t i l  1979 was a major survey conducted to a s se s s  deaf ch ild ren 's  level of 
achievement a t  the end of th e ir  o ra l  education (Conrad, 1979). As ou tl ined  in 
the previous chapter, Conrad's (1979) examination of the performance of deaf 
15- to 16-year olds throughout England and Wales on academic and l in g u is t ic  
measures showed markedly lower s tandards  of reading and speech in t e l l ig ib i l i t y ,  
p a r t i c u la r ly  amongst the profoundly deaf. The evidence was tha t,  a f t e r  ten 
years  of o ra l  tra in ing , the profoundly deaf ado lescen ts  could not communicate 
e f f e c t iv e ly  in the language of the host community.
By th i s  time, the seminal work of Stokoe (1960), providing a method of 
record ing  s ign language, had demonstrated th a t  American Sign Language (ASL) is 
a t ru e  language with i t s  own grammar. However, in th is  country the re  was 
s t i l l  susp ic ion  th a t  B rit ish  Sign Language (BSD was p rim itive ,  n o n - l in g u is t ic  
and inadequate. According to a D.E.S. rep o r t  in 1968 (the Lewis Report) 
considering the possib le con tribu tion  of signing  and f in g e rsp e l l in g  to the 
education of deaf children, signing was considered "unsystematic" and "lacking 
in grammatical s tru c tu re " .  Brennan (1975) challenged these  assumptions, using 
an e s tab l ish ed  body of research  on ASL, espec ia lly  the work of Bel lug i & Klima 
(1975). Brennan argued th a t  a d i f fe re n t  grammatical s t r u c tu re  should not be 
taken as a lack of grammatical s t ru c tu re ,  s ince a l l  languages show v a r ia t io n s  
in s t ru c tu re ,  such as word order or the use of gender to c la s s i fy  nouns. 
Research on BSL was not forthcoming u n t i l  the la te  1970s and early  1980s (e.g. 
Woll, Kyle & Deuchar, 1981; Kyle & Woll, 1985). Not su rp r is in g ly ,  th is  showed 
th a t  BSL a lso  has i t s  own grammatical s t ru c tu re .
-  22 -
3.5 Recent developments
The improved s t a t u s  of ASL as a language led to the in troduction  o f  'Total 
Communication' (sign language and speech) in 1968 a t  Maryland School for the 
Deaf in the U.S.A.; during the 1970s, th is  experimental teaching method was 
adopted by th re e -q u a r te r s  of American schools for the deaf. Schools for the 
deaf and P a r t ia l ly  Hearing Units (P.H.U.s) in the U.K. began to use Total 
Communication in the 1970s and early  1980s as research  began to show i t s  
s u p e r io r i ty  over o ra l methods alone for information t r a n s fe r  (Denmark, 1976; 
Grove & Rodda, 1984). However, in recen t years , doubts have begun to be ra ised  
about the wisdom of communicating in two d i f f e r e n t  languages sim ultaneously. 
Armstrong (1985) ra is e s  the question of the " syn tac t ic  barbarisms" th a t  can 
a r i s e  from the concurrent use of p o te n t ia l ly  incompatible codes. Many 
e d u c a t io n a l is ts  now ca l l  for b il ingual education, th a t  is , ensuring the 
profoundly deaf child acquires sign as the f i r s t  language and using i t  as  the 
classroom medium to teach the child English as a second language (e.g. Rodda & 
Grove, 1987).
3.6 Summary
In summary, the education of deaf children has h is to r i c a l ly  sh i f te d  from no 
education a t  a l l  to the use of a mixture of s ign language, f in g e rsp e l l in g  and 
lipreading, and then to a declared ban on s igning  and f in g e rsp e l l in g  fo r  the 
major p a r t  of th is  century. The 'Hundred Years' War' between o ra l  ism and sign 
language appears to have mellowed in recen t decades in many q u a r te r s  into a 
c a l l  fo r  both methods to be used simultaneously in the classroom. This 
heralded the admission of sign as a tru e  language and may prove to be the 
f i r s t  s tag e  of an acceptance of sign language as the chosen language of the
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deaf community and a w illingness to see  deafness i t s e l f  as  a d is a b i l i ty  but 
not some t e r r ib le  handicap requ ir ing  the 's u f f e re r s '  to be made hearing again 
before they can function. The h i s to r i c a l  evidence poin ts  towards the 
importance of d is t ingu ish ing  the negative  e f f e c t s  of the d i s a b i l i ty  i t s e l f  from 
those of the in tervention  method, however well-meaning i t s  in ten tion .
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Chapter 4: LIPREADING
T rad itiona lly ,  speech perception was assumed to be s p e c if ic a l ly  aud ito ry  in 
normal circumstances, with the deaf person forced to take an a l te rn a t iv e  ro u te  
not used by hearing people, i.e. lipreading, but g radually  i t  became obvious 
th a t  l ip read ing  is not merely a s u b s t i tu te  for aud ition  and th a t  even hearing 
people use v isu a l  information in speech perception, p a r t i c u la r ly  in noisy 
conditions. Vision provides basic  para l in g u is t ic  information to d irec t  
a t te n t io n  to the s ignal r a th e r  than the noise, such as who is  ta lking, when 
they a re  ta lk ing  and when they a re  s i l e n t  (SummerfieId, 1987). Moreover, i t  
may provide l in g u is t ic  cues which (in n a tu ra l  s e t t in g s )  complement the degraded 
auditory  information. This can a lso  occur in cases of moderate and severe  
deafness. Experiments demonstrating the b en ef i ts  of v isu a l  information in 
noisy speech perception are  described be low, followed by a s tudy of the e f f e c t s  
of co n f l ic t in g  auditory and v isu a l  inputs. S tudies of the v i s ib i l i ty  of 
individual phonemes in s i l e n t  lipreading w ill be examined in section  4.3 and 
the chap ter  ends with the sub jec t of syn the t ic  decoding s k i l l s ,  which allow 
sk i l led  l ip readers  to comprehend the overa ll  meaning of an u tte rance  r a th e r  
than iso la te  phonemes.
4.1 Lipreading as a supplement to hearing
4.1.1 Hearing sub jec ts
Research into the v isual con tribu tion  to speech perception  in noise began in 
the 1950s,, using a s ignal detec tion  theory framework. The c la ss ic  s tudy by 
Sumby & Pollack (1954) examined the con tribu tion  of v isu a l  fac to rs  to speech 
in t e l l ig ib i l ty  under varying speech-to -no ise  (S/N) r a t i o s  and s ize  of possib le  
vocabulary (from 8 to 256 words). They found th a t  in aud ito ry-on ly  p re se n t­
a t ions ,  speech in te l l ig ib i l i ty  decreased from over 80% c o rre c t  to under 20% as
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the S/N r a t io  decreased from OdB (equal speech and noise levels) to -30dB 
(noise 30dB louder than the speech signal),  with e r ro rs  increasing moderately 
as  a function of the s ize  of vocabulary. However, when auditory  p resen ta t io n  
was combined with observation  of the speaker, the success r a te  was g re a t ly  
enhanced a t  low S/N r a t io s ,  with over 40% success r a t e  a t  -30dB fo r  the 
256-word vocabulary and over 90% a t  th is  S/N r a t i o  for the 8-word vocabulary 
-  dem onstrating the value of redundancy in lipreading. Sumby & Pollack 
ca lcu la ted  th a t  the r e la t iv e  v isua l con tribu tion  to speech perception is 
independent of the S/N r a t i o  under t e s t ,  but they observed th a t ,  in p ra c t ic a l  
terms, lip reading can be explo ited  most p ro f i tab ly  a t  low S/N r a t io s .  Their 
f indings were supported by O'Neill (1954), who showed th a t  audiovisual 
recognition  scores were g re a te r  than aud ito ry-on ly  scores  a t  four d i f f e r e n t  
S/N ra t io s .  At the lowest S/N ra t io ,  -20dB, lipreading con tributed  72% to the 
id e n t if ic a t io n  of consonants, espec ia lly  /p /  and / f / .
Detailed information about perceptual confusions in aud ito ry-on ly  p re sen ta t io n  
of consonants under d i f f e re n t  S/N ra t io s  was provided by Miller & Nicely 
(1955). They compared the e f f e c t s  of random noise to the e f f e c t s  of frequency 
d is to r t io n s  by low-pass or h igh-pass f i l t e r in g .  (The former cu ts  out the high 
frequencies and the l a t t e r  cu ts  out the low frequencies.) Miller & Nicely were 
concerned by the tendency in ex is t ing  s tu d ie s  to t r e a t  a l l  percep tua l e r ro r s  as 
random and they r e c t i f ie d  th is  by analysing th e i r  confusion m atrices according 
to five  fea tu re s  of a r t ic u la t io n :  voicing, n a sa l i ty ,  a f f r ic a t io n ,  du ra tion  and 
place of a r t ic u la t io n .  Their extensive te s t in g  revealed d i f f e r e n t ia l  e f f e c t s  on 
these fea tu re s ;  in p a r t ic u la r ,  voicing and n a s a l i ty  were d iscrim inable a t  a S/N 
r a t io  as  low as -12dB, whereas place of a r t i c u la t io n  was hard to d is t in g u ish  a t  
le ss  than +6dB. The re la t io n  was the same for low-pass f i l t e r in g ,  in which the 
(weaker) high frequency components of speech a re  removed, but h igh -pass
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f i l t e r in g  produced random confusions s ince  the consonants were s tr ip p e d  of 
th e i r  acous tic  power, which is concentrated in the low frequencies ,  and were 
thus rendered inaudible.
M iller & Nicely commented th a t  the le a s t  discriminable f e a tu re  in th e i r  t e s t s ,
place of a r t i c u la t io n ,  is the e a s ie s t  to iden tify  v isua l ly  in lip reading  and,
conversely, the o ther  fea tu re s  are  obscure to the l ip reader  but e a s i ly
discrim inable by ear. They concluded:
"Lipreading, there fo re ,  is a valuable s k i l l  for l i s te n e r s  who are  
p a r t i a l ly  deafened because i t  provides ju s t  the information th a t  
the noise  or deafness removes" <p,352).
Focusing on th is  point, B inn ie , Montgomery & Jackson (1974) te s te d  sub jec ts  on 
the same consonants in conditions of aud itory-only  and au d i to ry -v isu a l  
p resen ta t io n  a t  th ree  speech-to -no ise  r a t i o s  as well as a v isua l-on ly  condition 
in qu ie t.  Consisten t with Sumby & Pollack's (1954) r e s u l t s ,  they found tha t the 
low success r a t e  in the auditory-only  p resen ta t ion  a t  poor S/N r a t i o s  was 
g re a t ly  enhanced in the aud ito ry -v isu a l  p resen ta t io n  a t  the same S/N ra t io .
But, again, the con tribution  of the v isua l  channel was reduced a t  high S/N 
ra t io s ,  r e f le c t in g  the presence of a ce i l ing  e f f e c t  in aud ito ry  reception.
Analysing the fe a tu re s  of a r t icu la t io n ,  B inn ie e t  a l .  (1974) re p l ic a te d  Miller & 
Nicely's (1955) finding th a t  n a sa li ty  and voicing were the most r e s i s t a n t  to 
noise masking and place of a r t ic u la t io n  the most a f fe c te d  by noise in 
aud ito ry -on ly  p resen ta tions .  In the au d i to ry -v isu a l  and v isua l-on ly  conditions, 
place of a r t i c u la t io n  confusions were almost eliminated, ju s t  as  Mil 1er & Nicely 
had predic ted . B inn ie e t  a l. (1974) concluded th a t  the aud ito ry  and v isual 
con tr ibu tions  complement each o ther in fea tu re  transm ission  and so reduce 
confusions, especia lly  when the auditory  confusions d i f f e r  by place of 
a r t ic u la t io n .
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The con tr ibu tion  of the v isua l channel to speech perception  was fu r th e r  
i l l u s t r a t e d  by Dodd (1977), who presented  l i s t s  of CVC words (e.g. soap) to 
hearing ado lescen ts  in auditory-only , v isua l-on ly  and au d i to ry -v isu a l  
conditions. White noise was p resen ted  simultaneously and the sub jec ts  were 
in s tru c ted  to repea t the words spoken by the experimenter. Accuracy was 
s ig n if ic a n t ly  b e t te r  in the au d i to ry -v isu a l  condition than in e i th e r  the 
aud ito ry-on ly  or the v isual-on ly  conditions. The v isua l-on ly  and 
a u d i to ry -v isu a l  conditions provided a s ig n if ic a n t  b e n e f i t  in the recognition  of 
f ron t consonants (the b ilab ia ls  /p,b,m/, lab iodenta ls  / f ,v /  and linguodentals 
/0,ô/), in comparison to the aud ito ry-on ly  condition. For middle and back 
consonants, the re  was no s ig n if ic a n t  d ifference  between conditions of 
p resen ta t ion .  The p a t te rn  of e r ro r s  indicated th a t ,  in the v isua l-on ly  
condition, su b jec ts  made s u b s t i tu t io n s  from the same place of a r t ic u la t io n  as 
the co rrec t  consonant s ig n if ic a n t ly  more o ften  than s u b s t i tu t io n s  in the same 
manner of a r t ic u la t io n ;  the reverse  p a t te rn  was found in the auditory-only  
condition. This confirmed the findings of Binnie e t  a l .  (1974) on fea tu re  
transm ission.
y-*
Using sen tences  r a th e r  than monosyllables, MacLeod & Summerfield (1987) 
attem pted to quan tify  the con tribu tion  of vision to speech perception in noise. 
They measured the d ifference in dB between aud ito ry-on ly  and au d i to ry -v isu a l  
id e n t if ica t io n  of key words in sen tences  ranging in d i f f i c u l ty  for the 
lip reader. The aud i to ry -v isua l  gain averaged lldB, ranging  from 6 to 15dB 
among su b je c ts  and from 3 to 22dB among sentences, and was used as a measure 
of lip reading  a b i l i ty .  Not su rp r is in g ly ,  sentences th a t  were e a s ie s t  to lip read  
gave a g r e a te r  aud ito ry -v isua l gain than did h a rd - to - l ip re a d  sentences.
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Lipreading has even been shown to benefi t  hearing s u b jec ts  in the absence of 
no ise  masking. In an auditory  speech shadowing task , Reisberg, McLean & 
C oldfie ld  (1987) demonstrated th a t  su b jec ts '  performance in shadowing a complex 
ph ilosophical passage was improved when they were allowed to observe the 
speaker during the auditory  shadowing.
4.1.2 Deaf subjects
The hearing-im paired  l i s te n e r  p resen ts  a n a tu ra l  example of speech recep tion  
in no ise  and Walden, Prosek & Worthington (1975) have demonstrated Binnie e t  
a l . 's  (1974) fea tu re  transm ission e f fe c t s  in a d u l ts  with mainly noise-induced 
hearing  loss. To Miller & Nicely's s ix teen  consonants they added the 'l iqu id  
g l id e '  f e a tu re ,  p resen t in the four phonemes /w/ / r /  / j /  / I / .  This fe a tu re  was 
tran sm itted  b e t te r  than voicing and n a sa l i ty  in th e i r  aud ito ry-on ly  condition; 
place of a r t ic u la t io n  was the le a s t  percep tib le  fe a tu re .  With the add ition  of 
v isua l  cues, improvements in de tec tion  of around 27% were noted for most 
su b jec ts ,  although those achieving 70-80% in aud ito ry -on ly  detec tion  showed 
gains  of only 14% in the aud i to ry -v isua l  condition. Walden e t  a l. (1975) 
concluded th a t ,  w hilst a l l  levels of hearing impairment can be improved by 
v isua l  input,
" the b en ef i t  gained may be e s se n t ia l  to minimally acceptable 
communication for a severely  impaired p a t ie n t ,  bu t only 
supplementary for a p a t ie n t  with a more moderate handicap" (p.279).
Comparing hearing, severely  deaf and profoundly deaf ch ild ren 's  speech 
percep tion  in masking noise, Erber (1971) demonstrated a 36% improvement in 
a u d i to ry -v isu a l  over auditory-only  word recognition  fo r  severely  deaf ch ild ren  
and a 56% improvement for profoundly deaf children a t  the higher S/N r a t i o s .
At the lowest S/N ra t io s ,  there were au d i to ry -v isu a l  recognition  sco res  of 61% 
(severely  deaf), 51% (profoundly deaf) and 41% (hearing), where each group
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scored around 0.5% in the aud ito ry-on ly  conditions. Erber (1971) concluded 
tha t:
" .. .a ll observers  can improve th e i r  lipreading performance a t  low 
S/N r a t io s  with acoustic  information th a t  by i t s e l f  is in su f f ic ie n t  
fo r  auditory  recognition  above chance level" (p.506).
Whilst many re searche rs  have demonstrated la rge  gains from a u d i to ry -v isu a l  
over v isua l-on ly  reception  of speech by groups of severe ly  hearing-im paired 
children (e.g. Numbers & Hudgins, 1948; Hopkins, 1953; P ra ll ,  1957; Sanders, 
1968), profoundly deaf children with average hearing losses above 95dB show 
au d i to ry -v isu a l  reception only s l ig h t ly  b e t t e r  than v isua l-on ly  reception , as 
they are  unable to recognise even common words by ea r  alone (Erber, 1972a; 
Numbers & Hudgins, 1948; Hopkins, 1953; Sanders, 1968; Van Uden, 1970).
Erber (1972b) showed th a t ,  desp ite  a 15% s u p e r io r i ty  in au d i to ry -v isu a l  over 
v isua l-on ly  consonant de tec tion  by h is  profoundly deaf sample, the fe a tu re  
transm ission was very s im ilar  in both conditions. Place of a r t i c u la t io n  was 
de tec ted  re l iab ly  but voicing and n a sa l i ty  information was not perceived.
The improvement in the au d i to ry -v isu a l  condition could only be a t t r ib u te d  to 
the g ross  temporal and in ten s ity  cues availab le  to the profoundly deaf with 
am plification.
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4.2 L ipreading as unique speech inform ation
A dramatic manipulation of auditory  and v isua l elements of speech, known as 
the McGurk e f f e c t ,  fu r th e r  i l l u s t r a t e s  the influence of lip reading  in aud ito ry-  
v isua l  speech perception. McGurk & MacDonald (1976) p resen ted  a video 
recording of a speaker u t te r in g  a s e r ie s  of consonant-vowel (CV) sy llab les ,  
synchronised with d i f fe re n t  CV sy l la b le s  spoken on the aud ito ry  channel. 
Systematic e r ro r s  emerged in adu lt  su b jec ts '  rep o r ts  of the sy llab le  they 
heard. For example, if  a seen /g a /  was synchronised with a heard /ba /,  98% of 
sub jec ts  reported  having heard /d a / ,  corresponding to n e i th e r  the seen nor the 
heard s tim ulus  ( th is  was termed a 'fusion ' i l lusion); however, if  a seen /ba / 
was combined with a heard /ga /,  the reported  percept was /bga / or /gba/
(termed a 'combination' or 'blend' il lus ion) fo r  54% of su b jec ts  and /b a /  (i.e. 
the seen s tim ulus) for 31% of sub jec ts .  Similar but le ss  pronounced e f fe c ts  
were observed with combinations of /p a /  and /ka / (the unvoiced equivalen ts  of 
/b a /  and /ga /) .  Further s tu d ie s  have rep lica ted  the fusion  il lu s ion  and, to a 
le sse r  ex ten t ,  the blend il lus ion  (MacDonald & McGurk, 1978; Summerfield, 1979; 
Mills & Thiem, 1980; Easton & Basala, 1982; Massaro, 1987).
MacDonald & McGurk (1978) explained th e ir  findings in terms of a manner-place 
hypothesis, proposing th a t  the auditory  stim ulus provides information about 
manner of a r t i c u la t io n  while the v isua l  s tim ulus g ives p la c e -o f -a r t i c u la t io n  
information; the two inputs are  then se lec tiv e ly  in te g ra te d  according to 
matching fe a tu re  information, to give a d isc re te ,  c a te g o r ic a l  percept. Thus, 
the aud ito ry  stim ulus  /ba / is recognised as a voiced, non-nasa l s top  consonant, 
but the v isua l  s tim ulus /g a /  ind icates  a non-lab ia l  p lace of a r t ic u la t io n ,  
con flic ting  with auditory  indication of a /b / ,  so a n o n - lab ia l  consonant f i t t i n g  
the manner requirem ents is reported , i.e. /da /.  I t  is no t made c lear  in the
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manner-place hypothesis why /d /  (an a lveo lar  consonant) should be repo rted  in 
preference to the ve lar  /g /  a c tu a lly  observed by the sub jec t .  Velars are  
p a r t ic u la r ly  d i f f i c u l t  for lip readers  to de tec t ,  bu t i t  is  not obvious why a 
more v is ib le  phoneme should be perceived than the v isu a l ly  presented  phoneme. 
T heore tica lly ,  the two should be iden tif ied  equally  o f ten .  The manner-place 
hypothesis  has more recen tly  been re jec ted  (Summer f ie  Id, 1987) because i t  
cannot explain  a l l  of the i l lu so ry  percepts , espec ia lly  the blend i l lu s io n  (e.g. 
/bga/). If the v isua l input determines the perceived place of a r t i c u la t io n ,  
then the aco u s tica l  evidence of the place fea tu re  should be ignored and a 
heard /g a /  should combine with a seen /ba / to produce a perceived /b a /  r a th e r  
than /bga /  o r  /gba/. In fac t ,  MacDonald & McGurk (1978) found th a t  no su b jec t  
reported  hearing /ba / in th is  condition; 83% reported  /g a /  (the heard s tim ulus)  
and only 17% reported  the blend /bga/.  Clearly then, su b jec ts  were not 
ignoring acous tica l  evidence about place of a r t i c u la t io n .  Summer f ie Id (1987) 
su g g es ts  th a t  v isual and aco u s tica l  evidence is in teg ra te d  before ca teg o r ica l  
perception of the phonemes takes place, ra th e r  than the o r ig in a l  hypothesis  of 
ca teg o r ica l  phonetic perception from each source leading to compromise (fusion) 
or c o n f l ic t  between the two (a blend). In o ther  words, delayed commitment to a 
s ing le  percep t is more likely than the reso lu tion  of two percepts . Summer f ie Id 
(1987) expla ins  the McGurk E ffec t i l lu s ions  with a hypothesis  th a t ,  o the r  
things being equal, the s u sc e p t ib i l i ty  of the consonants to influence by v is ion  
should decline  according to the p robab il ity  th a t  they w ill  be mis id e n t i f ie d  in 
noise. Equally, th e ir  s u s c e p t ib i l i ty  to influence by aud i tion  should be 
d i re c t ly  r e la te d  to th e ir  v isua l confusab ility .  Thus, blends occur when the 
seen consonant does not f a l l  in the same viseme group as any of the 
consonants with which the heard consonant is e a s i ly  confused. For example,
/ba / is  confused aud ito r i ly  with /va, 6a, da/; given the v isua l  s t im ulus  /g a / ,  
the most reasonable percept is  the fusion /d a /  as  th i s  is  the most s im ila r
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v isua lly .  An auditory  /g a /  is most read i ly  confused with /da, za, 5a / ,  and 
s ince  none of these  is b ilab ia l ,  the aud ito ry  stim ulus w ill not be g re a t ly  
influenced by a seen /ba /;  e i th e r  the heard /g a /  alone w ill  be repo rted  or the 
seen /b a /  w ill  a lso  be reported  as  heard.
In summary, p a s t  research  has con s is ten tly  demonstrated the re l ian ce  on v isua l 
cues in speech perception by both normally hearing and hearing-im paired 
l i s te n e r s  in masking noise. Hearing su b jec ts  gain most from an add itiona l 
v isua l  input a t  low speech-to -no ise  r a t io s ,  but profoundly deaf su b jec ts  re ly  
on lipread cues in both noise and qu ie t.  Lipreading supp lies  information 
mainly about place of a r t ic u la t io n ,  which is co incidenta lly  the le a s t  durable 
fe a tu re  for the l i s te n e r  in noisy environments. Thus, the two sources  of 
speech perception can be seen to complement each o the r  in n a tu ra l  speech. In 
the a r t i f i c i a l  context of conflic ting  auditory  and v isua l  information, hearing 
su b jec ts  are  found to be unable to ignore the v isua l element when in s tru c ted  
to re p o r t  what they heard. This phenomenon dem onstrates the in te g ra l  ro le  of 
l ipreading in speech perception.
Having es tab l ish ed  the un iversal prevalence of lipreading s k i l l s  in both 
hearing and deaf sub jec ts ,  the following sec tion  examines segmental aspec ts  of 
lipreading, th a t  is, which phonemes are re la t iv e ly  e a s ie r  to perceive.
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4.3 Phoneme v is ib i l i ty
Both deaf and hearing sub jec ts  have been used to in v e s t ig a te  lipreading s k i l l s  
in the absence of auditory  input. In te re s t  has focused on which phonemes are  
genera lly  confused by lip readers  and whether phoneme confusions can be 
ta rg e ted  in devising lipreading t ra in in g  methods.
4.3.1, Consonant visemes
The viseme is  the minimal u n it  of lipreading, ju s t  as the phoneme is the 
minimal u n i t  of heard speech. F isher (1968) coined the term to describe 
mutually exclusive  c lasses  of v isua lly  confusable phonemes. For example, the 
phonemes /k /  and /g /  cannot be discrim inated from one another by a l ip reader 
without con tex tua l cues and the re fo re  the assoc ia ted  lip  and f a c ia l  g e s tu re s  
comprise one viseme. The viseme concept is w e ll-e s tab lish e d  in the l i t e r a tu r e ,  
although terminology has changed. Alexander Graham Bell was aware tha t 
ce r ta in  sounds are  conf usable with o ther  sounds when lipreading  and he termed 
these 'homophenes'. In the years th a t  followed, s e v e ra l  te x ts  provided l i s t in g s  
of homophenous words such as 'omen, open' and 'chair, share' (e.g. Nitchie,
1919).
Following A.G. Bell, there were t ra d i t io n a l ly  assumed to be twelve 'homophenous' 
phoneme groups: /p,b,m/; / f  ,v/; /0,&/; / t ,d ,n /;  /w/; / r / ;  / I / ;  / j / ;  / s ,z / ;  /  f  ,?,tX,d3/; 
/k,g,r)/; /h / .  Heider & Heider (1940) were probably the f i r s t  to  s tudy phoneme 
lipreading experimentally, producing a chart of 'visuophonemes' to show p lace- 
o f - a r t i c u la t io n  confusions in phonemes ra th e r  than words. Their methodology is 
not d e ta i le d  c lea r ly  but the ir  m a te r ia ls  were 20 consonant + /OI/ sy l la b le s  and 
20 C /i /  sy l la b le s ,  spoken by a teacher fam iliar to the su b jec ts .  ( I t  is 
presumed th a t  the p resen ta tion  was live.) Their su b jec ts  were 39 children  a t  a
school fo r  the deaf, who id en tif ied  the phonemes / r / ,  /6 /  and / I /  with 75% 
accuracy. The groups /p,b,m/, / f ,v / ,  / t ,d ,n / ,  / J ' , t J , d 5 /  and /k,g/
a lso  reached the 75% with in-group confusion c r i te r io n ,  bu t / s / ,  /h / ,  / j /  and /w/ 
were confused unsystem atically  with o ther  phonemes. (The phonemes /z / ,  / 5 / ,
/&/ and /r)/ were not te s ted .)
In c o n t ra s t  to Heider & Heider's (1940) e igh t 'visuophonemes', Woodward &
Barber (1960), p resenting s i l e n t ly  spoken sy l la b le s  to hearing sub jec ts ,  
id e n t if ie d  only four v isua lly  co n tra s t iv e  groups of English consonants: b i la b ia l  
(/p.b,m/), rounded lab ia l (/w,r/), labiodental ( /f ,v /)  and non lab ia l (the remaining 
14 consonant phonemes). F isher 's  (1968) s tudy using one- and tw o-sy llab le  
words la rge ly  rep lica ted  th is  finding, although the real-w ord context provided 
enough l in g u is t ic  redundancy to iso la te  /k .g / from the large non lab ia l  category 
id e n t i f ied  by Woodward & Barber (1960), giving f ive  co n tra s t iv e  groups he 
concise ly  termed 'visemes' (for 'v isual phonemes').
Berger (1973) c r i t ic i s e d  Woodward & Barber (1960) for using an a rb i t r a ry  c u t­
o ff  po in t to designate  inclusion as a viseme. Nonetheless, h is  own study  used 
a low c r i t e r io n  of 58.6% with in-group confusion (i.e. above chance level) to 
is o la te  visemes and produced very s im ilar  r e s u l t s  to th e i r s .  Berger's (1973) 
viseme groupings were: /p,b,m/; /w/; / f ,v /  and /  T ,5,t J  ,d5/, with the remainder 
u n d if fe re n t ia ted .  (These four viseme groupings in fa c t  f u l f i l le d  the 75% 
c r i t e r io n  used in la te r  s tu d ie s  and in Heider & Heider's (1940) study.)
Erber (1972b) presented ju s t  e igh t consonants, in an /a /C /a /  context, to f ive  
norm al-hearing children, five severely  deaf and f ive  profoundly deaf ch ildren . 
He used th ree  f ron t consonants /p,b,m/, th ree  middle consonants / t ,d ,n /  and two 
back consonants /k,g/, p resented as a videotape recording. The o ra l cav ity  had
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been w ell-i l lum inated  by s p o tl ig h ts ,  but the back consonants s t i l l  remained 
u n d if fe re n t ia te d  fo r  a l l  bu t the severely  deaf sub jec ts ;  the f ro n t  and middle 
consonants formed two sep a ra te  viseme groups a t  the 75% co n fu sab il i ty  level.
In a la te r  s tudy  (Erber, 1974), 20 consonants were te s te d  in th ree  vowel 
contexts : /a /C /a /;  / i /C / i /  and /u /C /u/. Live p re sen ta t io n  was used with good 
illumination to enhance v i s ib i l i ty  of a lveo lar  and ve lar  consonants. The s ix  
profoundly deaf children in th is  study id en tif ied  nine visemes in the vowel 
con tex ts  / a /  and / i / ,  but only s ix  visemes in the /u /  context.
The noise  study by Binnie e t  a l. (1974) described in Section 4.1 included an 
ana ly s is  of the consonant phonemes confused in the v isua l-on ly  condition. Five 
visemes emerged from the 16 consonants te s ted .  In another s tudy using hearing 
adu lt  sub jec ts ,  Binnie, Jackson & Montgomery (1976) te s te d  20 consonants, from 
which e igh t visemes emerged, largely re p l ic a t in g  Erber 's  (1974) r e s u l t s .
Two s tu d ie s  by Walden and h is  colleagues examined the number of visemes 
d e tec tab le  before  and a f t e r  lipreading tra in ing . Walden e t  a l .  (1977) found 
th a t  th e i r  31 adu lt  males with high-frequency hearing loss i n i t i a l ly  iden tif ied  
five  visemes from 20 consonants, increasing to nine visemes a f t e r  tra in in g .
The la te r  study (Walden e t  a l.,  1981) showed less  dramatic r e s u l t s ,  with five  
visemes increasing only to s ix  a f te r  t ra in ing . The au thors  a t t r ib u t e d  th is  to 
ta lk e r  d iffe rences  in the two s tud ies .
Lesner, Sandridge & Kricos (1987) applied Walden e t  a l . 's  (1981) tra in in g  
program to twenty normal-hearing sub jec ts ,  using 22 consonants, and compared 
th e ir  consonant recognition  scores with ten con tro l sub jec ts  rece iv ing  no 
tra in ing .  The tra ined  sub jec ts  improved by 14.5% but the con tro l su b jec ts  a lso  
improved, by 9.3%, r e f le c t in g  p rac tice  e f f e c t s  or fa m il ia r i ty  with the te s t in g
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s i tu a t io n  on the second assessment. In the ana lysis  of viseme groups, using 
the 75% c r i te r io n ,  seven visemes emerged in the p o s t - t re a tm e n t  t e s t :  /p,b,m/, 
/ f ,v / ,  /w ,r/,  / I / ,  /e,&/, /  J  ,5,d3,tJ'/ and /t ,d ,n ,s ,z ,k ,g ,j/ .  Unfortunately,
they do not mention the p re - tre a tm e n t visemes and they do not separa te  tra ined  
from con tro l sub jec ts  in th e ir  viseme analysis .
Kricos & Lesner <1982) examined ta lk e r  d iffe rences  by comparing normal-hearing 
a d u l ts '  viseme perception with s ix  d i f f e re n t  ta lke rs  enuncia ting  24 consonants 
in an /a /C /a /  vowel context. The ta lk e rs  were chosen fo r  the var ia tion  among 
them in the c l a r i ty  of th e ir  lip movements. Eight visemes could be iden tif ied  
with the two ta lke rs  who were e a s ie s t  to lipread, bu t only four with the two 
h a rd e s t - to - l ip re a d  ta lkers .
It is d i f f i c u l t  to compare a l l  the viseme s tu d ie s  d i re c t ly ,  s ince they have 
used d i f f e r e n t  numbers of consonants (from 8 to 24) in d i f f e r e n t  vowel 
contexts , but those using 20 consonants in an /a /C /a /  o r  C /a/ context and 
applying a 75% with in -d u s  te r  confusion c r i te r io n  a re  compared in Table 4.1.
Table 4.1: Viseme c lu s te r s  from 20 consonants w ith  vowel / a /
Erber (1974) Binnie e t  a l.  (1976) Walden e t  a l . (1977)
p re- tra in ing p o s t-  tra in ing
/p,b,m/ /p,b,m/ /p,b,m/ /p,b,m/
/ f ,v / / f ,v / / f ,v / / f ,v /
/8,&/ /8,&/
/ J  ,5/ / S ,5/ /s ,z ,  J  ,3/ /X ,5 /
/w ,r / /w/ /w/ /w/
/ t ,d ,n ,s ,z / / t ,d ,s ,z / /s ,z /
/ I / / l ,n / / I /
/h / / r / / r /
/k ,g /
Unassigned: Unassigned:
/ t ,d ,n ,r , l ,k .g ,j /
/t ,d ,n ,k.g ,j/
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I t  can be seen from Table 4.1 th a t  the most robus t consonant visemes a re  the 
b i la b ia ls  /p,b,m/, the lab iodenta ls  / f ,v /  and the linguoden ta ls  /9,6/. These have 
emerged in a l l  viseme s tu d ie s  using a 75% confusion c r i te r io n .  In a 
comprehensive review of previous viseme s tu d ie s ,  Owens & Blazek (1985) noted 
th a t  d isagreem ents about viseme s t a tu s  occur on consonants th a t  are  r e la t iv e ly  
less  v is ib le .  Iden tif ica tion  of these phonemes depends on ta lk e r  cha rac te r ­
i s t i c s  and ligh ting  conditions.
S tud ies  which have te s ted  the a f f r ic a te s  / t j , d 3 /  show th a t  these phonemes 
c lu s te r  with the f r ic a t iv e s  /  X ,3/, making th is  a r e la t iv e ly  s ta b le  viseme 
(Heider & Heider, 1940; Walden e t  a l.,  1981; Kricos & Lesner, 1982, Benguerel & 
P ichora-Fuller,  1982; Owens & Blazek, 1985; Lesner, Sandridge & Kricos, 1987). 
The c lu s t e r  /w ,r/ is less s ta b le ,  occuring in f ive  of the e igh t  s tu d ie s  th a t  
te s te d  both phonemes (Erber, 1974; Walden e t  a l.,  1981; Kricos & Lesner, 1982; 
Owens & Blazek, 1985, Lesner e t  al., 1987). Heider & Heider (1940) found only 
/ r /  an independent viseme, Walden e t  al. (1977) found /w/ iden tif ied  
independently, whereas Binnie e t  a l. (1976) found both emerging as independent 
visemes r a th e r  than one c lu s te r .  The comparative s tudy  by Kricos & Lesner 
(1982) su g g es ts  tha t ta lk e r  d iffe rences  account fo r  th i s  v a r ia b i l i ty ,  as both 
viseme c lu s te r s  (/ X ,3,tX,d3/ and /w ,r/) were observed with th e i r  e a s y - to -  
lipread  ta lk e rs .  The less  v is ib le  phonemes /t ,d ,n ,l ,s ,z ,k ,g ,h ,j /  show no 
c o n s is te n t  viseme p a t te rn  from study to study.
Examination of Table 4.1 shows th a t  voicing and n a s a l i ty  a re  not d iscrim inable 
v isua l ly .  Benguerel & Pichora-Fuller (1982) used nine unvoiced consonants 
excluding nasa ls ,  spoken by a ta lker  considered easy to lipread. Five normal- 
hearing su b jec ts  (audiology s tu d en ts)  achieved the same viseme recognition  as 
f ive  modéra te  ly- to -  pro f ound ly deaf adu lt sub jec ts :  the phonemes /p / ,  / f / ,  /w/
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and /0 /  were iden tif ied  independently with over 75% success and the remaining 
phonemes formed two viseme c lu s te r s ,  / J  ,tX/ and / t ,k ,s / .
Franks & Kimble <1972) conducted a unique study of viseme groupings in 
consonant c lu s te r s .  They te s ted  32 c lu s te r s  before the vowel /* / ,  using three 
speakers . The sub jec ts  were 275 college s tu d e n ts  with normal hearing. The 
most frequent type of response (46%) was c lu s te r  reduction  to a s ing le  
phoneme, e.g. "1" for /k l /  or /g l / ,  followed by confusion with another c lu s te r  
(43%), e.g. "br" for /p r / .  Trip le  c lu s te r s  were always perceived as a sm aller 
c lu s t e r ,  e.g. "sm" for / s p r /  or / s p l /  . Only 11% of responses were the co rrec t  
c lu s te r .  The reductions to a s ing le  phoneme were cha rac te r ised  by domination 
of the v isua lly  prom inant phoneme, e.g. "f" fo r  / f l /  or / f r / ,  and "w" for /kw/ or 
/gw7. Indeed, velars  were ra re ly  produced in a response, with the exception of 
"kl" fo r  /k l /  or /g l / .  This is evidence of th e i r  in v is ib i l i ty  to the l ip reader. 
Franks & Kimble derived five con tra s t ive  groups from the s t a t i s t i c a l l y  
s ig n if ic a n t  confusions and, although they did not employ the 75% c r i t e r io n  of 
con fusab il i ty ,  th e ir  groups did show typ ical d iv is ions  into visemes based on 
/p,b,m/, / f / ,  /  J  , t j ,d 3 / ,  /w ,r/ and /t ,d ,n ,l ,0 ,s,k ,g/. The predominance of 
c lu s t e r  reduction sugges ts  th a t  deaf ch ild ren 's  speech shows th is  phenomenon 
because of the g re a t  d i f f i c u l ty  of lipreading consonant c lu s te r s  accura te ly .  
Franks & Kimble recommended th a t  lipreading t ra in in g  should concen tra te  on 
c lu s te r s  of increasing d i f f ic u l ty  but a lso , s ince v isu a l  d iscrim ination  was 
shown to be extremely d i f f i c u l t ,  a t te n t io n  should be d irec ted  to the use of 
con tex tua l cues in speech perception.
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4.3.2 Vowel visemes
Whereas the consonants are  separa ted  into groups by important a r t i c u la to ry  
d iffe rences ,  vowels and diphthongs a re  on a s p a t ia l  continuum which cannot so 
eas i ly  be divided into visemes. The a r t ic u la to ry  pos ition  o f  English vowels is 
i l lu s t r a t e d  in Figure 4.1, which shows the height and location  of the tongue in 
normal vowel production. (The diagram sugges ts  an inva rian t tongue position  
for each vowel, but th is  is not a c tu a l ly  the case. I t  has been shown tha t 
speakers can produce the required  aud ito ry  quality  with a v a r ie ty  of tongue 
positions  (Lindblom e t  a l ,  1979), and the diagram should th e re fo re  be taken as 
an approximate guide only.)
Figure 4.1: Standard vowel diagram (after Jones, 1960)
HIGH
(close)
BACKMIDFRONT
LOW (open)
Pronunciation gu ide :
/ ! /  beet 
/ I /  b i t  
/ e /  é té  $ 
/e /  bet 
/ œ /  bat
/ 3/  burn 
/a /  a-bove' 
/ a/  bun 
/ a /  barn
$ (French; ra re  in English)
/u /  boot 
/T J/ book 
/o /  o-bey ' § 
70/ bought 
/ d/  box
Diphthongs (combinations);
/ e l /  b a i t  
/oXJ/  boat 
/ a U /  bout 
/OI/ boy 
/ a l /  b i t e
§ (more often  / o U /  in English)
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Heider & Heider (1940) investiga ted  the v isua l perception  of vowels bu t noted 
tha t:
"There a re  no two vowels which are  homophenous in the same way as
/p /  and /m/ are  homophenous" (p. 138).
Nevertheless , ce r ta in  vowels a re  e a s ie r  to d is t in g u ish  than o thers .  For 
example, Heider & Heider found th a t ,  in a /p/V/p/ and / f /V / f /  context, the 
vowels /u / ,  / i / ,  /a / ,  / a U /  and /O/ were co rrec tly  id e n tif ied  over 75% of the 
time, bu t / s / ,  /* / ,  and / e e /  were co rrec tly  id e n tif ied  le ss  than 40% of the 
time. Their data  show a 75% viseme c lu s te r  formed by /I,e,e ,A ,ee,a/.
Hack & Erber (1982) gave limited support to th is  finding, using a /b /V /b/ 
context, as  th e i r  profoundly deaf sub jec ts  d iscrim inated  /O/ with 87% accuracy, 
/u /  with 68% accuracy, /a /  a t  61%; /e /  a t  36% and / a /  a t  24%, but / e e /  was 
su ccess fu lly  discriminated in 81% of cases. ( / a U /  was not te s ted .)  Applying 
the 75% confusab il i ty  c r i te r io n ,  / U  , u , A  , 3 /  and / ! , ! /  emerge as  visemes. Hack & 
Erber noted tha t confusions were genera lly  within one of two lipshape groups: 
rounded or spread.
J e f f e r s  & Barley (1971), in a wide-ranging exp lora tion  of lim iting fa c to rs  in 
lipreading, observed th a t  many vowel and diphthong movements look s im ila r  
enough to be considered visemes. In fac t ,  they concluded th a t  there  are  only 
two s ta b le  vowel visemes d iscern ib le  under usual viewing conditions: the 
puckered lips of the high back and mid vowels /u ,U ,oTJ,3 / (and also of the 
consonants /w ,r/) and the movement from a moderate opening to puckered lips ,  
forming the diphthong / a U / .  More obscure movements were seen as: spread 
lips, which form the f ron t vowels /i,I,eI,A ,a ,al,se ,e/ (and a lso  the g lide  
consonant / j / ) ;  rounded lips, moderate opening, forming the low back vowels (i.e. 
those a r t i c u la te d  with a lowered jaw: /0 ,0I,/) .  Seven viseme groups were 
considered availab le  in good l igh t with c lear  ta lk e rs ,  who move th e i r  jaw and
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l ip s  more than average, thus varying the s iz e  of the mouth opening and 
allowing the low back vowels /O/ and /OI/ to be d iscrim inated  as  well as the 
f ro n t  vowels, which divide into three  visemes; /i ,I ,eI,A /; /a ,e e ,s / ;  / a l / .  The 
viseme groups were considered overlapping, as  remote members of the same 
group (e.g. / a /  and /e /)  could be discrim inated in ideal viewing conditions and 
ad jacent members of high and low vowel groups (e.g. / e /  and /e /)  could be 
conf usable , given th a t  they are  ac tua lly  on a h igh-to -low  continuum.
Heider & Heider (1940) s im ila r ly  noted th a t  v isu a l  confusions tend to be with 
vowels in an adjacent a r t i c u la to ry  position , an observation  confirmed in an 
em pirical s tudy of vowel and diphthong visemes by Wozniak & Jackson (1979). 
This s tudy  used the 75% confusion c r i te r io n  to e s ta b l i s h  e igh t  visemes 
discrim inable in a /h /V /g/ context with the ta lk e r  a t  the normal 0® angle and 
seven of these iden tif ied  with the ta lker  filmed a t  a 90° angle. The visemes 
were: / a U / ;  /e l ,a ,a l ,e e ,e / ;  / o U / ;  /0,DI/; / i , I / ;  / a / ;  /u , ju /  and / s , U / ,  with the 
la s t  two visemes forming a s ing le  viseme a t  the 90° p resen ta tion .  Wozniak & 
Jackson concluded th a t  the v isua l fea tu res  c r i t i c a l  to vowel id e n t if ic a t io n  are 
equally  v is ib le  from both viewing angles. At both angles, diphthongs were more 
o f ten  co rrec t ly  id en tif ied  than were vowels, presumably because they combine 
two vowels add itive ly  and thus provide more v isu a l  cues. Jackson, Montgomery 
& Binnie (1976) demonstrated th a t  five v isua l f e a tu re s  underlie  diphthong 
lipreading  (from s t a t i c  lip  trac ings): v e r t ic a l  movement from the f i r s t  to the 
second diphthong component; the s ize  of opening of the second diphthong 
component; lip  extension versus lip rounding; v e r t i c a l  lip separa tion ; and (a 
weaker fea tu re )  genera l s ize  of opening. For vowels, only the la s t  th ree  
v isua l f e a tu re s  were availab le . Temporal f e a tu re s  are  a lso  likely to be used 
in lip reading  dynamic speech.
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Lesner & Kricos <1981) te s ted  f i f t e e n  vowels and diphthongs in a /h /V /g/ 
context, using four ta lk e rs  varying in l ip readab il i ty ,  and found f ive  visemes to 
be the most to  emerge. One ta lk e r  e l i c i t e d  four visemes and one only e l ic i te d  
/i ,I ,A / as a d i s t in c t  visemic group a t  the 75% co n fusab il i ty  level. Not only 
did the number of viseme ca tego ries  vary, but the members a lso  varied across 
ta lk e rs ,  as  Table 4.2 shows. The le a s t  v is ib le  vowels fo r  a l l  ta lk e rs  were: 
/XJ/; /e / ;  /O/; / a / ;  /a /  and / e e / .
Table 4.2: Vowel and diphthong visemes across talkers (Lesner & Kricos, 1981)
Talker A Talker B Talker C Talker D
/ a l / / a l / / a U /
/ o U / / o U /
/ i , I / / i , I / / ! / /i ,I ,A/
/ a U / /e l ,e ,e e / /e l ,e ,e e /
/OI/ /OI/ /a ,0 /
Vowel visemes are  not a l l  independent of consonant visemes, as the puckered 
lip movement of / U , o U ,0,3/ is i t s e l f  visemic with /w,r/ .  Combining vowel and 
consonant movements, J e f fe r s  & Barley (1971) estim ated  th a t  a maximum of nine 
movements -  only four of which are  s ta b le  -  are  d iscrim inable in usual viewing 
conditions, but up to fourteen in ideal viewing conditions.
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4.3.3 Coarticulation effects
Not only can a s ing le  viseme rep re sen t  several phonemes, but one phoneme can
also  be a r t i c u la te d  with minor va r ia t ions ,  c rea ting  allophones of th a t  phoneme.
From a l i s te n e r 's  perspective , rece iv ing  the aud ito ry  s ig n a l  c learly ,  th is
allophonic va r ia t ion  is not c r i t i c a l ,  but the l ip reader  w ill receive a variab le
s ig n a l  in a context where phoneme Information is  a lready  limited by up to a
fac to r  of ten, and viseme groupings w ill be a ffec ted .  This va r ia t ion  occurs
p a r t ic u la r ly  in the context of immediately adjacent phonemes, when i t  is
described as coarticu la tion . Benguerel & P ichora-Fu ller  (1982) defined
c o a r t icu la t io n  as:
"the a l te r in g  of the s e t  of a r t i c u la to ry  movements made in the 
production of one phoneme by those made in the production of an 
adjacent or nearby phoneme" (p.GOO).
Benguerel & Pichora-Fu 11er's (1982) study te s ted  nine unvoiced consonants in
varied  vowel contexts by combining the three vowels / i / ,  / e e /  and /u /  in V^ CV^
d isy llab le s .  Results indicated th a t  the recognition  of a phoneme by a
lip reader  depends on o ther  phonemes in the u tte ran ce ,  bu t th a t  there were
c e r ta in  v isua l ly  dominant phonemes (/p /,  / f / ,  /w/, /9 / ,  /u / ) ,  which sub jec ts
id en tif ied  with near p e rfec t  scores ,  and o ther, le ss  dominant, phonemes ( / t / ,
/k / ,  / s / ,  /  X / ,  / t f / ,  / i / ,  / a e / ) ,  which were confused with the dominant phonemes
or with o the r  phonemes prone to coart icu la tory v a r ia t io n .  Benguerel & P ichora-
Fu H er concluded tha t:
"The notion of a w ell-defined  visemic category does not...accommoda te  
the va r ia t ion  in id e n t i f ica t io n  of less  dominant phonemes, which 
depends on coart icu la tory  e f fe c ts .  The v isu a l  dominance suggested  
fo r  the charac te r iza tion  of visemes involves p rim arily  labial,  
lab iodenta l or linguadenta l a r t icu la t io n s"  (p.GOG).
Their find ings nonetheless supported viseme s tu d ie s ,  ind icating  th a t  la b ia l i ty  
and rounding are  the bes t transm itted  a r t i c u la to ry  fe a tu re s ,  with continuant 
and vowel height fea tu re s  being poorly transm itted .
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Owens & Blazek (1985), comparing four vowel contexts  (/a /C /a/,  /a/C/A/, / i /C / i /  
and /u /C /u /) ,  found th a t  in the /u /  context, the b i la b ia l  and lab ioden ta l 
visemes were the only two visemes percep tib le  for both normal-hearing and 
adven tit ious ly  profoundly deaf sub jec ts .  Thus, they confirmed Benguerel &
Pichora-Fu 11er's (1982) finding th a t  lab ia l  and rounded phonemes dominate o ther  
phonemes. In the / a /  context, the deaf su b jec ts  iso la ted  seven visemes from 
the 23 consonants te s ted ,  whereas the hearing su b jec ts  fa iled  to perceive /h /  
as an independent viseme. Nonetheless, Owens & Blazek comment th a t ,  overa ll ,  
the deaf and hearing samples showed e s s e n t ia l ly  the same degree of 
performance in lipreading consonants, although th is  was not r e la te d  to th e ir  
a b i l i ty  to lipread sentences.
Comparing Owens & Blazek's (1985) five profoundly deaf ad u lts  with the s ix  
profoundly deaf children in the e a r l ie r  s tudy by Erber (1974), a s im ila r  
p a t te rn  emerges, but Erber 's  sub jec ts  observed a g re a te r  number of visemes.
The l a t t e r  study used three  of the same vowel contexts  (/a /C /a/,  / i /C / i /  and 
/u /C /u /)  and the same consonants (with the exception of / j / ,  which produced 
random confusions, being extremely hard to iden tify ,  and the a f f r i c a t e s  /tX / 
and /d5/). Nine visemes were observed in the / a /  and / i /  contexts  but only s ix  
in the /u /  context. The superio r  recognition in Erber 's  study could be 
a t t r ib u te d  to the reduced phoneme s e t  (allowing ca teg o r isa t io n  by deduction), 
the live p resen ta tion , l igh ting  conditions or ta lk e r  d iffe rences .  The viseme 
ca teg o r ie s  are  compared in Table 4.3. Both s e t s  of r e s u l t s  show th a t  
consonant viseme c la s s i f ic a t io n  depends on the surrounding vowels, ind icating  
th a t  co a r t icu la t io n  a l t e r s  the appearance of phonemes to such an e x te n t  th a t  
th e i r  viseme s t a tu s  is  enhanced or, more o ften , degraded.
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Table 4.3: Viseme clusters in three vowel contexts
Erber (1974)
/a /C /a / / 1/0/1/ /u /C /u/
/p,b,m/ /p,b,m/ /p,b,m/
/f^y / f ,v / / f ,v /
/6,&/ /8,&/ /e,6/
/X ,5/ /X ,5/ /s,z, X ,5/
/w ,r/ /w ,r/ /I/
/t ,d ,n ,s ,z / / t ,d ,n / /k,g,h/
/h / / s ,z /
/I/ /I/
/k,g/ /k,g,h/
Unassigned:
/t,d,n,w,r/
Owens & Blazek 
(1985)
/p,b.m/
/ f ^ /
/ 0 ,&/
/  S ,5,tJ,d5/ 
/w ,r/ 
/k,g,n,l/ 
/h /
Unassigned;
/ t ,d ,s ,z , j /
/p,b,m/
/ f ,v /
/  X ,5,tX,d?/ 
/w ,r/ 
/ t ,d ,s ,z /
Unassigned:
/6,&,k,g,n,l,h,j/
/p,b,m/
/f ,v /
Unassigned: 
/8,& ,w,r,t,d,n, 
X ,5,tX,d5,s,z, 
k,g,l,h,j/
Montgomery, Walden & Prosek (1987) focused p a r t ic u la r ly  on the e f f e c t  of 
d i f f e re n t  consonantal contexts on vowel lipreading, te s t in g  the vowels / i / ,  / I / ,  
/a / ,  / U /  and /u /  in the symmetrical CVC context of /p / ,  /b / ,  / f / ,  /v / ,  / t / ,  /d / ,
/  X /,  /g /  and in the asymmetric C^ VC^  contexts  /h /V /g/, /w/V/g/ and /r /V /g /.  
Their su b jec ts  were th i r ty  adu lt men with noise-induced h igh-frequency hearing 
loss. The vowel / a /  was most eas i ly  iden tif ied  and / U /  showed the most 
confusions, bu t none of the vowels was iden tif iab le  above 69% co rrec t .  N eutral 
contexts  (/g /V /g/ and /h/V/g/) and s tops  ( / t / ,  /d / ,  /p /  and /b /) ,  p a r t ic u la r ly  
those with low lab ia l i ty ,  gave the h ighest recognition sco res ; f r ic a t iv e s  ( / f / ,  
/v /  and /  X / )  and lab ia ls  ( /p / and /b /)  gave the lowest sco res .
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The f r ic a t iv e  contexts had a p a r t ic u la r ly  d e le te r io u s  e f f e c t  on the recognition  
of the lax (short) vowels / I /  and / U / ,  which were most benefited  by the s top  
con tex ts .  The tense (long) vowels / i / ,  /u /  and / a /  were e a s ie r  to recognise 
genera lly ,  mainly due to th e i r  longer duration  and more d is t in c t iv e  lip  shape, 
but in lab ia l  contexts they were harder to recognise , as  s tops  are  known to 
shorten  vowel duration in comparison to con tinuan ts  (House & Fairbanks (1953); 
compare, fo r  example, peep  and cease.) The same is  t ru e  of unvoiced consonants 
in comparison to th e ir  voiced counterparts  (e.g. cease  versus  seize), bu t in 
th i s  s tudy there  was no c o n s is te n t  d i f f e r e n t ia l  e f f e c t  of voicing on vowel 
id e n t if ica t io n .  The vowel / i /  appeared to be the only vowel to be amenable to 
v isu a l  iso la tion  of th is  d u ra tiona l d ifference. Montgomery e t  al. concluded 
th a t  the viseme concept needs fu r th e r  refinement to include context e f f e c t s  
(i.e. coar t icu la tion ) .  They suggested  the in troduction  of a construc t 
equivalent to the phonetic concept of an allophone to account for viseme 
v a r ia b i l i ty  a r is in g  from c o a r t icu la tio n  e f fe c ts .
4.3.4 Evaluation of viseme s tu d ie s
Research into lipreading has es tab lished  th a t  the re  is  a limited number of 
v isu a l ly  co n tra s t iv e  lip movements. Exactly what those movements are  fo r  a l l  
speakers  in a l l  contexts  has proved harder to e s ta b l i s h ,  but an a ttem pt w ill  be 
made here to syn thes ise  the documented findings and produce a working s e t  of 
visemes for the purposes of th is  research.
J e f f e r s  & Barley (1971) emphasised the d iffe rence  between ideal and usual 
viewing conditions. It should be noted th a t  the m ajority  of empirical s tu d ie s  
have used ideal or close to ideal conditions, i.e. s p o t l ig h ts  on the ta lk e r 's  
face, sometimes illuminating the o ra l cavity , 0^ viewing angle and a c a re fu l ly
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se lec ted  ta lk e r  with c lear enunciation. Furthermore, the phonemes being te s ted  
have genera lly  been spoken in a f a c i l i t a to r y  context (/h/V/g/ fo r  vowels and 
diphthongs and /a /C /a /  for consonants). Talker d iffe rences  and co a r t  icu la tory 
context influence the v is ib i l i ty  of phonemes. Jackson (1988) supports  the view 
th a t  video p resen ta t ion  fu r th e r  r e s t r i c t s  phoneme v is ib i l i t y  in comparison to 
live p resen ta t io n  because of the reduction  of a three-dim ensional object to a 
two-dimensional image. Nonetheless, she no tes  th a t  the five 'un iversa l 
[consonant] visemes' emerge in most te s t in g  s i tu a t io n s .  These a re  (in order of 
s t a b i l i t y  across  s tud ies) :
1. B ilabia l /p,b,m/ .
2. Labiodental : / f ^ /
3. Linguodental : /e,&/
4. F rica tive  : /  J  ,5.tJ,d5/
5. Rounded : /w,r/
Owens & Blazek (1985) recommend th a t ,  in addition , / t ,d ,n ,l ,s ,z ,k ,g / should also  
be accepted as one viseme with the proviso  th a t  su b se ts  of th is  c lu s te r  emerge 
in some te s t in g  s i tu a t io n s  (e.g. / t ,d ,n , l / ;  / t ,d ,s ,z / ;  /k,g/). This p roposition  w ill 
be accepted for p resen t purposes and the c lu s te r  w ill be considered a s ix th  
viseme. The visemes / I /  and /h /  in A.G. Bell 's  c la s s ic a l  l i s t in g s  have ra re ly  
been shown to be independently id e n tif iab le  and / j /  has never achieved 
independent s t a t u s  as a viseme, the re fo re  these three  are  re je c te d  as visemes. 
I t  should be noted th a t  the s ix  accepted viseme ca tego rie s  a re  based la rge ly  
on the VCV context of /a / ,  and tha t fewer visemes may be ava i lab le  in o the r  
vowel contexts .
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Vowel visemes appear to divide into rounded (/aU />  and spread ( / i , I / ) .  Rounded 
vowels with le ss  movement ( /u ,U ,o U ,3 /)  a re  o ften  confused with each o ther,  as 
are  f ron t  vowels and diphthongs ( /e l ,a l , l ,£ ,ee /) ,  but these  two c lu s te r s  are  not 
as s ta b le  as  the consonant visemes described above. The appearance of /O/ 
may be id en tif ied  independently or confused with /OI/. In genera l,  the two can 
be considered visemic. The limited volume of research  on vowel visemes tends 
to support J e f f e r s  & Barley's <1971) c la s s i f i c a t io n s  o f  high f ro n t ,  high back, 
low fron t  and low back vowels, with an emphasis on the continuous r a th e r  than 
d isc re te  n a tu re  of these ca tegories .  Again, co a r t icu la t io n  e f f e c t s  on these 
groupings should a lso  be taken into account.
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4.4 L ipreading by an a ly sis  or by syn th esis
The previous sec tions  have de ta i led  the limited proportion of phonemic 
information th a t  can be transm itted  d ire c t ly  to a l ip reader.  A consequence of 
th i s  poverty  of information is th a t  there  can be no one-to -one correspondence 
between phonemes and visemes. This is fu r th e r  emphasised by d if fe re n ces  in 
the appearance of the same phoneme depending on the coa r t  icu la tory context.
Happily for lip readers ,  i t  is  not necessary to iden tify  phonemes in iso la t io n  
most of the time. Phonemes occur in the context of words and words in the 
context of sentences. This context provides redundancy th a t  allows the 
l ip reader  to comprehend meaning in the absence of a proportion of the phonemes 
spoken. I t  is w e ll-e s tab lished  in information theory th a t  if  ha lf  of an 
u t te ra n c e  is  heard co rrec t ly ,  the o ther ha lf  can be p red ic ted  (Shannon &
Weaver, 1949; Fry, 1955), and the same can apply to lipreading. Comparisons of 
good and poor lip readers  over the past 75 years  have increasingly  suggested  
th a t ,  r a th e r  than in te ll igence  or visual acu ity  being responsib le  fo r  the 
d iffe rence  in lipreading s k i l l ,  i t  is the use of context, termed the s y n th e t ic  
approach, th a t  d is t in g u ish es  good lipreaders . (See J e f f e r s  & Barley (1971) for 
a review of th is  area.)
Gailey (1987) sugges ts  th a t  both an ana ly tic  and sy n th e t ic  approach are  
ava ilab le  to a l l  lip readers ,  but some contexts  a re  more amenable to sy n th es is  
than o the rs ,  which might requ ire  an ana ly tic  approach. Gailey r e f e r s  to the 
s y n th e t ic  approach as problem-solving and the an a ly t ic  approach as v isua l  
ana ly sis .  She proposed th a t  problem solving w ill  only be used in l in g u is t ic a l ly  
complex s tim uli;  thus the CVC sy llab les  used in the viseme s tu d ie s  would not 
be amenable to a sy n th e t ic  approach. Her experiment on hearing a d u l ts
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compared th e i r  lipreading performance on CVC nonsense sy l la b le s ,  iso la ted  
words, sh o r t  sen tences, common phrases, sh o r t  s to r ie s  composed of b r ie f  
sen tences and monologues with or w ithout contextual cues. The r e s u l t s  
indicated th a t  the v isua l ana lysis  and problem-solving approaches were indeed 
in evidence in a l l  lip readers ,  depending on the type of message.
Support fo r  these  findings comes from an experiment by G arstecki & O'Neill 
(1980) in which p resen ta tion  of a s i l e n t  video of the Everyday Speech 
Sentences t e s t  was combined with a re la te d  background scene on display and a 
non-verbal acous tic  cue. The re la te d  s i tu a t io n a l  cues led to s ig n if ic a n t ly  
b e t te r  lip reading  scores  in hearing sub jec ts .  Similarly, Lyxell & Ronnberg 
(1987) te s te d  hearing sub jects  on a word completion t e s t  and a sentence 
completion t e s t ,  then presented a s i l e n t  video showing fam ilia r  scenarios  with 
which the sub jec t had to in te rac t .  They found tha t a high score on the 
sentence completion te s t  was c r i t i c a l  fo r  lipreading long sentences, whereas a 
high score on the word completion t e s t  was c r i t i c a l  for lip reading  scenarios 
with l i t t l e  con tex tua l information. Lyxell & Ronnberg considered th e ir  findings 
to dem onstrate th a t  syn the tic  a b i l i ty  is  r e la te d  to lip reading  s k i l l .
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4.4 Summary
Deaf and hearing sub jec ts  in viseme s tu d ie s  have proved to be remarkably 
s im ila r  in th e i r  phoneme detection  s k i l l s .  However, the two groups are  not so 
much equally  sk il led  as  equally handicapped a t  the task. This is  a d i re c t  
r e s u l t  of the lim ita tions  of v isual id e n t i f ica t io n  of speech sounds. The 
information about phonemes available  to the lip reader  is severe ly  limited and 
unstab le  across  c o a r t ic u la tory contexts; in the most ideal te s t in g  s i tu a t io n s ,  
the re  are  typ ica lly  only ten visemes rep resen t in g  the fo r ty - fo u r  consonant and 
vowel phonemes of English.
The fac t  th a t  so many deaf lip readers  are  so sk il led  in conversation could be 
because of th e i r  in tu i t iv e  use of context in continuous, meaningful speech. It 
would appear th a t  syn thes is  is the re a l  s k i l l  of f lu en t  lip readers ,  not ana ly tic  
a b i l i ty  in phoneme id en tif ica tion .  Good lip reade rs  may have sy n th e t ic  a b i l i t i e s  
and an awareness of semantics tha t r e l i e s  l i t t l e  on segmental phonology.
I t  the re fo re  follows tha t,  from a v isua l input alone and in the absence of 
contextual cues, i t  is unlikely tha t p re lingua lly  profoundly deaf individuals  
encode phonology d irec t ly ,  although some have claimed th a t  th is  is the case. 
Successful l ip readers  may give the impression of an awareness of phonology 
desp ite  p re lingual profound deafness, but the p rec ise  mechanism of th e i r  
l in g u is t ic  encoding has yet to be e s tab lished . This issue w ill be examined in 
Chapter 5.
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Chapter 5; THEORIES OF LANGUAGE CODING
Research into the processing of language by hearing su b je c ts  has focused 
la rge ly  on whether p rin ted  te x t  is  recoded into phonological form by readers . 
That is ,  a re  p rin ted  l e t t e r s  and words processed in terms of th e i r  associa ted  
speech sounds or is coding based simply on the v isu a l  image of the l e t t e r  
shapes (graphemes) ? Two main approaches to th is  ques tion  have been, f i r s t l y ,  
experiments on the temporary s to ra g e  of p r in t  in s h o r t - te rm  memory (STM) and, 
secondly, word recognition and reading experiments. These have genera lly  shown 
the influence of phonology on normal l in g u is t ic  coding.
The processing  of lipread m a te r ia ls  has been examined only recen tly  and no 
genera l consensus model has emerged.
Aspects of these  research a reas  with relevance to deaf ch ild ren 's  language 
coding w ill  be described below. If the auditory modality is  dominant in 
cognitive  processing by hearing individuals, we may ask which modality, if  any, 
is dominant in profoundly deaf individuals ? In which form do they recode 
p r in t  and lipread speech ?
5.1 Phonological coding in sh o r t- te rm  memory
'Phonology' is  defined by Atkinson-King (1980) as:
"That p a r t  of a grammar accounting for a speaker 's  knowledge of 
the sounds and sound p a t te rn s  of the ir  language" (p.237)
The basic  sounds of a language are  i t s  phonemes, the speech sounds tha t are
meaningfully con tras t ive ,  e.g. /d /  and /b / .  A phoneme may be re a l is e d  in
d i f f e r e n t  phonetic forms, but a na t ive  speaker does not recognise  these
v a r ia t io n s  -  allophones -  as a l te r in g  the meaning of the u tte rance .
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Yeni-Komshian & Ferguson <1980) define the d if fe ren ce  between phonetic  and
phonological^as  follows:
"The l in g u is t 's  use of phonetic  typ ically  includes phenomena th a t  
are  accounted for by the physiology of a r t i c u la t io n  and aud iti ion  
as  opposed to phonological, which includes phenomena accounted for 
by the functional organization  or ru le  s t r u c tu r e  of speech sounds 
in p a r t ic u la r  languages (p.3).
Thus, phonological coding occurs a t  the level of a b s t r a c t  phonemes r a th e r  than
the level of ac tua l phonetic re a l is a t io n .
5.1.1 Auditory or a r t i c u la to ry  ?
In the la s t  two decades, a good deal of research  has claimed to dem onstrate 
phonological coding of p r in t  in hearing sub jec ts  but, su rp r is in g ly ,  the concept 
of phonological coding is ra re ly  adequately defined. This omission stems 
la rge ly  from the assumption th a t  (for hearing su b jec ts )  the auditory  channel is 
the dominant influence on phonology. This assumption can be traced  back to 
the p h ilo lo g is t  Ferdinand de Sausurre a t  the beginning of th is  century, who 
e x p l ic i t ly  denied the p o s s ib i l i ty  th a t  the a r t i c u la to ry  mechanism a lso  has an 
influence (see S tra igh t,  1980). Subjective experience t e l l s  us th a t  if  we read 
words aloud, we both fee l  our a r t i c u la to r s  and hear  our own voice. The fac t  
th a t  the term phonological coding could r e f e r  to the in te rn a l i sa t io n  of e i th e r  
aud ito ry  or a r t ic u la to ry  processes, or both, is s t i l l  o f ten  overlooked.
Experimental reinforcement of the t rad i t io n a l  view came from Conrad's (1964) 
c la s s ic  finding tha t the most likely confusions in a STM task are  between 
p r in ted  items tha t sound alike. Conrad's (1964) experiment showed th a t  
su b jec ts  made more e r ro r s  reca ll in g  l i s t s  of p r in ted  consonants with s im ila r  
pronunciation, e.g. B,C,T,P,V than l i s t s  of un re la ted  consonants. Furthermore, 
the re  was a high co rre la t io n  between these e r ro r s  and the percep tual 
confusions among the same l e t t e r s  presented a c o u s t ic a l ly  in masking noise.
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sugges ting  recoding of the v isua l s tim ulus into a temporary rep re sen ta t io n  
sharing  fe a tu re s  of the corresponding auditory  s tim ulus . (This acoustic  
con fusab il i ty  la te r  became known as the phonemic or phonological confusab il i ty  
e f fec t .)
Hintzman (1967) challenged the assumption th a t  STM confusion e r ro rs  a re  
exclusively  auditory , suggesting  th a t  Conrad's (1964) da ta  were a lso  cons is ten t  
with a hypothesis  of k inaesthe tic  feedback, or a r t i c u la to ry  coding. Following 
Miller & Nicely's (1955) observation th a t  place of a r t i c u la t io n  is  d i f f i c u l t  to 
iso la te  in purely auditory  perception of consonants, Hintzman manipulated th is  
a r t ic u la to ry  fea tu re  in a STM experiment involving p r in ted  nonsense sy lla b le s  
such as DAF, TAF, BAF, KAF, in which the i n i t i a l  consonant varied  according to 
place of a r t i c u la t io n  (front, middle or back) and voicing. Confusions were more 
frequent w ithin than between voicing ca tego ries  (i.e. su b jec ts  reca lled  whether 
the s tim ulus represen ted  a voiced or unvoiced consonant), following the 
'acoustic  image' theory; but in addition, the re  were more e r ro r s  within 
p la c e -o f -a r t i c u la t io n  ca tegories  than between these ca teg o r ie s  (a p rin ted  P 
was more likely  to be confused with B than with K). Hintzman took th is  to be 
evidence of a r t i c u la to ry  coding of p r in t  in STM. Wickelgren (1969) questioned 
th is  conclusion, s ince i t  is unproven th a t  p lace- o f -  a r t i c u l â t  ion e r ro r s  do 
rep resen t a r t i c u la to ry  coding; they may r e f l e c t  maintenance of a pass ive  trace  
in the a r t i c u la to ry  system, the auditory  system, both systems, or some a b s t ra c t  
verbal system th a t  is n e i th e r  purely auditory  nor purely  a r t i c u la to ry .  As a 
r e s u l t ,  many resea rche rs  have remained uncommitted over th is  question . For 
example, Rubenst e in, Lewis & Rubenst e in (1971) defined th e i r  term 'phonemic 
recoding' as an "aud ito ry /a r t icu la to ry"  process, in deference to Wickelgren's 
objections.
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The app lica tion  of the STM paradigm to experiments with deaf sub jec ts  led to
more emphasis on a r t ic u la to ry  and ab s t ra c t  fac to rs  in the coding of p r in t .
Thus, when Conrad (1970) applied h is  e a r l ie r  STM experiment to (o ra lly -
educated) deaf and hearing children, he found th a t ,  as  before, the hearing
su b jec ts  made a s ig n if ic a n t  proportion of acoustic  confusions. Almost h a l f  of
the deaf su b jec ts  made a s ig n if ic a n t  proportion of v isu a l  confusions (e.g.
K,X,Y,Z) but the remainder showed the same p a t te rn  as  the hearing sub jec ts .
About the deaf sub jects  who showed acoustic  confusions, Conrad concluded:
"we can be fa ir ly  confident [they] are  using a speech-based code, 
which because of the known degree of deafness can have no e f fe c t iv e  
acoustic  component. Accordingly we have designated  i t  as a r t ic u la to ry "
(1972, p.230).
Baddeley (1976, p.115) took account of th is  evidence in re fe r r in g  to h is  own 
use of the term 'acoustic  s im i la r i ty '  in h is  STM experiments on hearing 
sub jec ts .  He emphasised th a t  the term did not imply th a t  the basic encoding is 
acoustic  r a th e r  than a r t ic u la to ry .  Chen (1976), observing Conrad's f indings, 
noted tha t:
" there  is a high co rre la t io n  between a r t ic u la to ry  and acoustic  
confusions, and in a f ree  s i tu a t io n  they are  inseparable" (p.243).
The o f ten -u sed  terra 'speech coding' or ' inner speech' implies a r t i c u la to ry  
p rocesses but does not exclude auditory  components, which renders  i t  
u n s a t i s fa c to ry  if  we suspect, as Conrad (1972) does, th a t  both auditory  and 
a r t i c u la to ry  aspects  of speech are  coded when ava i lab le  to the reader b u t  th a t ,  
in the absence of use fu l hearing, the code re p re se n ts  only a r t ic u la to ry  
f e a tu re s .  If th is  is the case, then claims th a t  some deaf children evidence 
speech coding gives the misleading impression th a t  profound deafness need not 
prevent the normal coding of l in g u is t ic  m ateria ls  when in fa c t  a deaf c h i ld 's  
speech code may be rad ica lly  d i f fe re n t  from a hearing ch i ld 's  speech code.
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Hermelin & O'Connor (1973) te s ted  for 'im plicit  v e rb a l isa t io n ' (i.e. a r t i c u la to ry  
processes) in a p re lingually  profoundly deaf sample by p resen ting  them with 
ten p a irs  of p ic tu re s  whose names rhymed (e.g. CAT-BAT, TREE-KEY) and 
in s tru c t in g  them to remember which p a irs  belonged together. Then one p ic tu re  
from each p a ir  was displayed and the sub jec t was given the remaining ten cards 
and in s tru c ted  to  place each one beside i t s  o r ig in a l  par tne r .  The procedure 
was also  conducted with a non-rhyming s e t  of p ic tu re s  (e.g. GIRL-BUS).
Hermelin & O'Connor reasoned tha t,  s ince  the p ic tu re s  were never ex p l ic i t ly  
named by e i th e r  the experimenter or the sub jec t ,  the rhyme fe a tu re  could only 
be ex trac ted  by im plicit verbalisa tion . If such im plicit v e rb a l is a t io n  occurred, 
the rhyming p a irs  should be reconstruc ted  more success fu lly  than the contro l 
pa irs .  Of the 57 sub jec ts ,  34 were found to use the rhyme fe a tu re  in STM 
re c a l l  and 23 did not. There was a s ig n if ic a n t  re la t io n sh ip  with ra ted  
a r t i c u la t io n  a b i l i ty  but not with reading age, sugges ting  a r t i c u la to ry  reh ea rsa l  
or a r t i c u la to ry  coding by those with reasonable speech independent of th e ir  
l i te rac y  s k i l l s .
Hermelin & O'Connor's picture-rhyme t e s t  was a subsid ia ry  p a r t  of an 
inves tiga tion  into s p a t ia l  versus temporal ordering  of d ig i t s  in recognition  
memory. Their main finding was th a t  hearing  children encoded d ig i t s  in a 
temporal order, i.e. from the f i r s t  to the la s t  presented  item, bu t while some 
profoundly deaf children followed th is  p a t te rn ,  o the rs  organised  the d ig i t s  in 
a sp a t ia l ,  i.e. l e f t  to r ig h t ,  form even when the p resen ta tio n  was in temporal 
sequence. The deaf su b jec ts '  coding s t r a t e g ie s  were not re la te d  to th e i r  use 
of a r t i c u la to ry  processes in the picture-rhyme task. Cumming & Rodda (1985) 
sugges t th a t  the re  may have been some b ias  in the m a te r ia ls  or te s t in g  
procedure in Hermelin & O'Connor's experiment, as  a re p l ic a t io n  by Beck, Beck & 
G ironella (1977) fa i led  to find any d if fe ren ces  between deaf and hearing
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su b jec ts .  Cumming & Rodda note more recen t experiments showing a develop­
mental trend  from s p a t ia l  to temporal r e c a l l  in hearing children and an 
improvement in temporal re c a l l  with age in deaf children. They agree with 
Conrad (1979) th a t  temporal o rdering  may be re la te d  to language s k i l l s  in 
English. Although s l ig h t ly  younger than the deaf sample, Hermelin & O’Connor's 
hearing sample (matched only on d ig i t  span) a re  likely  to have had more 
s o p h is t ic a te d  language s k i l l s  (as measured by reading age), which could explain 
th e i r  d i f f e r e n t  response pa t te rn .
5.1.2 Abstract phonological coding
One so lu t io n  to the ambiguity of e a r l i e r  descr ip t ions  has been the claim th a t  
phonological coding is a b s tra c t ,  thus avoiding the au d i to ry /a r t i c u la  tory 
question  a l to g e th e r .  I t  is argued th a t ,  since the phoneme is  a l in g u is t ic  
ab s tra c t io n ,  then phonological coding is also a b s t r a c t ,  i.e. not bound to a 
s p e c if ic  modality. An a b s t ra c t  concept has no re fe rence  to sp ec if ic  examples 
and so a b s t r a c t  phonology would be n e i th e r  sp e c if ic a l ly  auditory  nor 
s p e c if ic a l ly  a r t icu la to ry .  The phonological a b i l i t i e s  of both congenitally  
profoundly deaf and congenitally  speechless  (anar th r ic )  children have been 
taken as evidence for th is  pos ition  (see below). However, given th a t  an 
ab s t ra c t io n  is o rig ina lly  formulated by ex trac tin g  common q u a l i t i e s  or f e a tu re s  
from sp e c if ic  examples, i t  is likely th a t  the process of ab s tra c t io n  would be 
lim ited to the range of examples availab le  to the child. Thus, a child with no 
u se fu l  hearing could only 'a b s t ra c t '  phonology from perceived visemes and from 
the a r t i c u la to ry  co n tra s ts  s /he  had been tra ined  to produce. Since visemes 
rep re se n t  only one q u ar te r  of the phoneme d is t in c t io n s  in English and since  
profoundly deaf children 's  a r t i c u la to ry  a b i l i t i e s  vary widely, oppo r tu n i t ie s  fo r  
a b s t ra c t in g  phonology from fe a tu re s  common to both m odalit ies  would be 
severe ly  limited.
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Congenitally profoundly deaf ch ild ren 's  a b s tra c t io n s  are  likely to d i f f e r  from 
those of congenitally  ana r th r ic  children, who can re ly  on auditory  c o n tra s ts  
(and presumably to some ex ten t on lipreading). Hearing children a re  b e t te r  
placed than e i th e r  of these populations to develop an a b s t r a c t  phonological 
code, as  they have access to a l l  th ree  speech modes (auditory, a r t i c u la to ry  and 
lipread), from which they could a b s t r a c t  common fe a tu re s .
In the f i r s t  of a s e r ie s  of experiments which claim to dem onstrate a b s t ra c t  
phonological coding by p re lingua lly  profoundly deaf children, Dodd & Hermelin 
(1977, Experiment 1) te s ted  STM re c a l l  of a l i s t  of p r in ted  homophone pa irs  
(e.g. RAIN-REIGN) and a con tro l l i s t  of non-homophone p a i rs  (e.g. THAN-TRAIN) 
matched with the homophone p a irs  for the number of common l e t t e r s  in the same 
seq u en tia l  positions,  in order to contro l for orthographic s im ila r i ty .  Hermelin 
& O'Connor’s (1973) rhyme te s t  paradigm was used, showing the sub jec t the 
arrangement of homophone pa irs ,  then removing one word from each p a ir  and 
in s tru c tin g  the sub jec t to find the co rrec t p a r tn e r  for each word from the 
remaining eighteen, which were presented on f lashcards.  This procedure was 
repea ted  for the contro l l i s t  of non-homophone word p a irs .  The m ajority  of 
su b jec ts  were s ig n if ic a n t ly  more accurate" a t  matching the homophone p a irs  than 
the contro l pa irs .  In order to examine whether the deaf su b jec ts '  success  was 
mediated by a r t ic u la to ry  feedback, the ir  pronunciation of the homophones was 
te s te d  (Dodd & Hermelin, 1977, Experiment 2). It was observed th a t  these 
children pronounced less  than h a lf  of the homophone p a irs  a like when reading 
aloud from a randomised l i s t  (e.g. RAIN was pronounced / r e i n /  but REIGN tended 
to be pronounced /regan/) . Therefore i t  was concluded th a t  su b jec ts  could not 
have matched the p a i rs  on the bas is  of th e i r  own a r t i c u la t io n .  Dodd & Hermelin 
concluded th a t  these children were using a phonological code to s to r e  words in 
STM and tha t,  the re fo re ,  the a b i l i ty  to s to re  and use phono logical information
-  59 -
is not n ece ssa r i ly  dependent on the auditory modality, fo r  if  profoundly deaf 
children can code l in g u is t ic  m a te r ia ls  phono logically , then phonological coding 
could be a b s t r a c t  and non-m odality-specific .
However, experimental work by Saqi (1984) has demonstrated methodological 
weaknesses in Dodd & Hermelin's (1977) homophone experiment. With a simple 
v isua l co n fusab il i ty  scoring system applied to Dodd & Hermelin's (1977) 
stim ulus words, Saqi was able to show th a t  the homophone p a irs  were 
s ig n if ic a n t ly  more a like graphemically than the con tro l p a i rs  and tha t sub jec ts  
had made more e r ro rs  matching d is s im ila r  pa irs  than s im ila r  p a i rs  in both the 
homophone and control conditions. This finding ca s t  doubt on the phonological 
coding hypothesis  and suggested an a l te rn a t iv e  explanation  of v isua l (i.e. 
graphemic) coding of the p rin ted  homophones by profoundly deaf children.
Saqi's own experiments on p re lingually  profoundly deaf children manipulated the 
graphemic s im i la r i ty  of rhyming and non-rhyming word p a i rs  (having re jec ted  
homophones as inherently  s im ilar  graphemically) in a balanced design: a l i s t  of 
orthographica 1 ly s im ilar  rhymes (e.g. SAY-MAY) was matched with a contro l l i s t  
of orthograph ica lly s im ilar  non-rhymes (e'.g. SIR-SIX) and a l i s t  of 
orthograph ica lly  d iss im ilar  rhymes (e.g. SUN-NONE) was matched with a con tro l 
l i s t  of non-rhyming pa irs  matched for l e t t e r  position  (e.g. GUN-BONE). Each of 
the four l i s t s  was made into a 'pack' of word cards, which was laid in f ro n t  of 
the sub jec t with the co rrec t p a i rs  together. When the sub jec t had viewed the 
arrangement, one card from each pa ir  was removed and the sub jec t was given 
these cards, shu ffled , to rep lace  in th e ir  o r ig in a l  p o s it io n s .  Error scores  
revealed th a t  re c a l l  of the rhyming l i s t s  was no b e t t e r  than r e c a l l  of the 
contro l l i s t s  when orthographic s im ila r i ty  was taken into account. Subjects 
made very few e r ro rs  on orthograph ica lly  s im ilar  word p a i r s  and many more
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e r ro r s  on orthographically  d iss im ila r  pa irs ,  reg a rd less  of phonological 
s im i la r i ty .  Saqi (1984) concluded th a t  v isua l (i.e. graphemic) coding, not 
phonological coding, is responsib le  for the profoundly deaf su b jec ts '  STM 
performance. This could indicate , then, th a t  the phonological coding of p r in t  
is indeed a fundamentally auditory  ( ra the r  than a b s t ra c t )  process, unavailable  
to deaf readers .
Bishop & Robson (1989) gave an STM task using p ic tu re s  to an a r th r ic  and 
normally-speaking cereb ra l palsied  children. More e r ro r s  were made in the 
r e c a l l  of phono log ica lly  s im ila r  p ic tu res  (e.g. MAR, VAN, PRAM, HAND) than 
con tro l p ic tu re s  (e.g. BATH, DOLL, GLOVE, PIG) by both sub jec t groups, suggesting  
th a t  phonological coding occurs in the absence of a r t i c u la to ry  rep re sen ta tio n s .  
Bishop & Robson in te rp re ted  th e ir  findings as evidence of more a b s t ra c t  
phonological coding. However, th e ir  concern with the concept of an 
a r t i c u la to ry  loop in STM reh ea rsa l  (Baddeley & Hitch, 1974) led them to 
overlook the p o ss ib i l i ty  of purely auditory  coding in an a r th r ic  children. This 
is a likely a l te rn a t iv e  to ab s t ra c t  phonological coding, bearing in mind tha t 
the su b jec ts  had no d e fec ts  of hearing and were b iased towards aud ito ry  coding 
by the fa c t  tha t the experimenter named each p ic tu re  aloud a t  the beginning of 
the te s t in g  session  and, in one condition of the experiment, each p ic tu re  was 
again named by the experimenter as the item was shown. Recall was 
s ig n if ic a n t ly  b e t te r  with spoken p resen ta tion  than s i l e n t  p resen ta tion .
S tra ig h t  (1980) argues th a t  the curren t 'p rocessually  n e u tra l  theory ' of 
phonology ( th a t  sound-production and sound-perception share a phonological 
r e p re sen ta t io n )  is invalid and th a t  a r t ic u la to ry  and aud ito ry  p rocesses are  
ac tu a lly  d is t in c t  mechanisms. He comments thus on the ubiquitous popula ri ty
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of the 'sim plifying assumption' among th e o ris ts :
" . . . th is  success is an index, not of the v a l id ity  of the assumption, 
but of the high degree of mutual accommodation between auditory  and 
a r t i c u la to ry  processing th a t  is achieved through th e i r  constan t 
in te rac t io n  during speaking and listen ing" (p.44).
In support of th is  claim. S tra igh t  c i t e s  evidence th a t  ch ildren  develop
phonemic (production) systems th a t  are  d is t in c t  from those of th e ir  adu lt
model d e sp ite  being responsive to the adu lt  d is t in c t io n s  in th e ir  perception of
speech. There are  physiological, anatomical and m atu ra tional reasons why
children cannot produce adu lt speech forms (Baken, 1983). For example, the
vocal t r a c t  is undeveloped a t  b ir th  (the tongue f i l l s  the o ra l cavity  and the
pharyngeal space is v ir tu a l ly  absent) and the required  s t r u c tu r e s  and muscular
con tro l take between five and ten years  to develop such th a t  the child can
accura te ly  produce adult phonemic d is t in c t io n s .  Therefore, the fac t  tha t
hearing children can perceive adu lt  phonemic d is t in c t io n s  s trong ly  sugges ts
sep a ra te  aud ito ry  and a r t i c u la to ry  coding mechanisms. The use of the a l l -
encompassing term 'ab s trac t  phonological coding' b lu rs  th i s  possib le
d is t in c t io n .
McCusker, H ill inger & Bias (1981) expressed d is s a t i s f a c t io n  with the confusing
range of labels  for the recoding process, which h in t  a t  a r t i c u la to ry  processes
(e.g. 'phonetic ' or 'speech' recoding) or more a b s t ra c t  p rocesses  (e.g. 'phonemic'
or 'phonological' recoding). They concluded:
"Since there  is cu rren tly  l i t t l e  evidence favoring any one label, the 
most prudent course is probably to use the term phonological recoding, 
which implies nothing more than th a t  the in te rn a l  r e p re sen ta t io n  is 
r e la te d  to the systems and p a t te rn s  of sounds of the language" (p.218).
This choice was no doubt biased by the fa c t  th a t  McCusker e t  a l.  were
reviewing s tu d ie s  of hearing populations; the inclusion of deaf sub jec ts  has
crea ted  add itiona l problems of def in it ion ,  since some re sea rch e rs  apparently
would p re fe r  to extend the def in i t ion  of phonological coding to include any
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asp ec ts  of speech p e r t in e n t  to deaf individuals, r a th e r  than provide more 
s p e c if ic  terms <e.g. aud ito ry , a r t ic u la to ry  and visemic coding).
Campbell & Wright (1989), fo r  example, sugges t th a t  the re  is a q u a l i ta t iv e  
d if fe ren ce  between the phonological coding of deaf and hearing populations. 
Campbell & Wright adapted Conrad's (1964) STM experiment by showing l i s t s  of 
p r in ted  CV sy llab les  to o ra lly -educated  p re lingually  profoundly deaf 
ado lescen ts  and hearing con tro l groups. The sy l la b le  l i s t s  were construc ted  
using e i th e r  h a r d - to - 1ipread consonants, a l l  a r t i c u la te d  within the o ra l  cavity  
(NA, SA, SHA, DA, ZA, TA), o r  ea sy - to - l ip re a d  ( lab ia l  or dental)  consonants 
(MA, THA, FA, BA, VA, PA). The l i s t s  were matched for voicing, n a s a l i ty ,  
f r i c a t iv e s  and stops . (THA can be read as the voiced /&/ or the unvoiced /6 /,  
but the unvoiced pronunciation was intended, to correspond with SA.) The 
r e s u l t s  indicated tha t the deaf sub jects  found h a rd - to - l ip re a d  l i s t s  of four 
sy l la b le s  s ig n if ican t ly  more d i f f i c u l t  to re c a l l  than e a sy - to - l ip re a d  l i s t s ,  
whereas age-matched hearing  sub jec ts  ac tua lly  showed the reverse  p a t te rn .  
Campbell & Wright noted th a t  i t  was unclear whether th e i r  r e s u l t s  indicated an 
e f f e c t  on underlying 'inner speaking' (a r t icu la to ry  rehea rsa l)  or 'the  inner 
ea r ' .  They do not define the 'inner ea r ',  but i t  could perhaps be more ap tly  
termed the 'inner eye' of a lipreader, given th a t  i t  was v i s ib i l i t y  th a t  was 
manipulated in the experiment and th a t  auditory  and a r t i c u la to ry  
c h a ra c te r i s t ic s  of the sy l la b le s  were controlled . The deaf su b je c ts '  
v u ln e rab il i ty  to h a rd - to - l ip re a d  l i s t s  is more an indication of the use of a 
visemic (lipread) code than of an a r t i c u la to ry  code.
If S tra ig h t  (1980) has co rrec t ly  inferred th a t  the auditory  and a r t i c u la to ry  
rep re sen ta t io n s  are  sep a ra te ,  then i t  is equally  likely , if  not more so, th a t  
lip read  and a r t ic u la to ry  rep resen ta t io n s  are  sep a ra te ,  given th a t  speakers  with
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normal hearing  receive auditory feedback as they speak (complementing th e ir  
a r t i c u la to ry  feedback) but lipread feedback is only av a i lab le  to the deaf 
speaker i f  s /h e  is  facing a mirror. Furthermore, as o u tl ined  in Chapter 4, 
phonemes a re  not uniquely d is t in c t iv e  to a lip reader; th e re fo re  s /he  is likely 
to perceive a sm aller s e t  of movements in the speech of o th e rs  than s /he  can 
obta in  through a r t ic u la to ry  feedback. If phonemes are  coded ab s tra c t ly ,  
l ip read ers  w ill only be able to a b s t r a c t  from visemes o r  from a (d iffe ren t)  s e t  
of a r t i c u la to ry  ges tu res .  The notion th a t  th is  a b s t ra c t io n  r e la te s  to auditory  
phenomena (as in Campbell & Wright’s term ’the inner e a r ’) is  unreasonable.
Hanson (1989) makes an attempt to  avoid th is  bias:
"While the term phonological is o ften  used to mean acous tic /aud ito ry ,  
or sound, th is  usage r e f l e c t s  a common m isunderstanding of the term. 
Phonological u n its  of a language are  not sounds, bu t r a th e r  a s e t  of 
meaningless prim itives out of which meaningful u n i t s  are  formed. These 
p r im itives  are  re la ted  to g e s tu re s  a r t ic u la te d  by the vocal t r a c t  of the 
speaker" (p.173).
If the d e f in i t io n  of phonological coding is to s h i f t  from a t rad i t io n a l  
re ference  to speech sounds (e.g. Jones, 1962; McCusker e t  a l . ,  1981), towards 
th is  emphasis on a r t i c u la to ry  g es tu re s ,  then we may be ab le  to demonstrate 
'phonological* coding in p re lingually  profoundly deaf su b jec ts ,  a lb e i t  a t  a level 
limited by the proportion of a r t i c u la to ry  g e s tu re s  v is ib le  to a lip reader or 
a t ta in a b le  via speech tra in ing . I t  should be noted th a t  Hanson's d e f in i t ion  
does not r e f e r  to a b stra c t p r im itives  but p r im itives  r e la te d  to a r t i c u la to ry  
g es tu re s ;  the re fo re  the term 'a r t ic u la to ry  coding' would seem to be p referab le .  
Hanson fu r th e r  sugges ts  tha t orthographic knowledge could con tr ibu te  to 
phonological coding, but i t  should be noted th a t  most re s e a rc h e rs  have 
considered these to be opposites r a th e r  than complementary. Furthermore, th is  
d e f in i t io n  could be seen as too all-encompassing to be u se fu l;  the term 
' l in g u is t ic  coding' could be more meaningful than 'phonological coding' here.
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In an e a r l i e r  experiment, Hanson (1982) demonstrated an STM decrement on 
p r in ted  l i s t s  of orthograph ica lly d iss im ila r  rhyming words (e.g. BLUE, WHO, CHEW, 
THROUGH), in comparison to a control l i s t  of un re la ted  words, fo r  congenitally  
profoundly deaf college s tu d en ts  who were ASL u se rs .  These s tu d en ts  had high 
reading  levels  compared to the average deaf schoo l- leaver  and were thus 
considered exceptional r a th e r  than typical. On orthograph ica lly s im ila r  l i s t s  
(e.g. BEAR, MEAT, LEARN, BREAK) and a lso  on l i s t s  with ASL s im ila r i ty  (e.g. NAME, 
PLUG, CHAIR, SALT) there was no decrement compared to con tro l l i s t s ,  which 
Hanson in te rp re ted  as evidence of 'phonetic coding' by these deaf sub jec ts .
(She may have used the term 'phonetic' to emphasise the a r t ic u la to ry  n a tu re  of 
the code for these sub jec ts ;  no precise  d e f in i t io n  is provided, unfortunate ly .)  
The rhyming word s e t  is in te re s t in g  because the words would be highly 
confusable both to a lip reader and to a speaker. As observed in Section 4.3.3, 
the /u /  vowel has a s trong  coart icu la tory e f f e c t  on adjacent consonant visemes 
and would thus obscure many d is t in c t io n s  between the words. The rounding of 
the lips  would a lso  be s a l ie n t  to a speaker. ( I t  would be in te re s t in g  to see  a 
r e p l ic a t io n  of th is  experiment with a more n e u t ra l  vowel, if  the orthographic  
d is s im i la r i ty  could be maintained.) Therefore, the experiment may have meas­
ured a r t i c u la to ry  or visemic coding, but does not d is t in g u ish  between the two.
Dodd (1980) used a delayed re c a l l  task in which individual p rin ted  nonwords 
with reg u la r  or ambiguous spelling  had to be w r i t te n  down a f t e r  e i th e r  a 
phonological in te rference  task (repeating verbal nonwords) or a graphemic 
in te r fe ren ce  task (copying prin ted  nonwords). P re lingually  profoundly deaf, 
o ra lly -educa ted  children showed the same p a t te rn  of r e s u l t s  as hearing 
su b jec ts  of the same age matched on spe ll ing  t e s t  scores:
a) in the phonological in te rference  condition the re  was no d iffe rence
between regu la r  and i r reg u la r  (phonetically ambiguous) nonwords bu t an
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advantage for short  over longer nonwords (a v isua l memory load e ffec t) ;
b) in the graphemic in terference  condition there  was an advantage for 
‘re g u la r '  nonwords (with d ire c t  grapheme-phoneme correspondence) but 
no d iffe rence  between sh o r t  and long words.
Dodd in te rp re ted  these r e s u l t s  as  dem onstrating graphemic coding when 
phonological coding was suppressed and, conversely, phonological coding when 
graphemic coding was suppressed. In o the r  words, although the deaf n a tu ra l ly  
used a graphemic memory code, the use of an (ab s trac t)  phonological memory 
code could be e l ic i t e d  in them by making the graphemic code unavailable .
This in te rp re ta t io n  assumed tha t a b s t ra c t  phonological coding is the only 
a l te rn a t iv e  to graphemic coding; no d is t in c t io n  was made between a b s t r a c t  
phonological, auditory , a r t ic u la to ry  and visemic coding, except th a t  profoundly 
deaf children were presumed to a b s t ra c t  phonology from lipreading. The STM 
advantage for nonwords with regu la r  grapheme-phoneme correspondence in the 
graphemic in te rfe rence  condition could be a t t r ib u te d  to a u d i to ry /a r t ic u la to ry  
coding by the hearing sub jec ts  and a r t i c u la to ry  or perhaps visemic coding by 
the deaf sub jec ts .  (Regular nonwords, e.g. PLAF, would be both e a s ie r  to 
pronounce and to v isu a l ise  being lipread than ambiguous nonwords, e.g. MOÜBT.) 
I t  is not c lea r  whether the sub jec ts  were allowed to rehea rse  the items 
verbally  in th is  condition; if  they were, then a r t i c u la to ry  coding was possible; 
i f  not, then visemic coding would be more likely, although subvocal reh ea rsa l  
could not be ru led  out.
In the s tu d ie s  of coding mechanisms in reading, to be described in the next 
sec tion , phonological coding is  genera lly  assumed to be an aud ito ry  or 
aud i to ry / a r t  icu la tory p rocess . The issues  d iscussed  thus f a r  in th is  chapter 
have ra re ly  been given much consideration and the terminology used w ill o ften  
r e f l e c t  the fashion of the period more than a th e o re t ic a l  s tandpo in t.
— 66 —
5.2 Phonological versus graphemic coding in reading
The phonemic confusab il ity  e f f e c t  in STM is w e ll - re p l ic a te d  on hearing samples. 
The r e s u l t s  of reading and word recognition  experiments have been more 
equivocal, however, provoking heated debates in the 1970s and 1980s. Some 
argued fo r  phonological coding through grapheme-to-phoneme conversion 
(Rubenst e in, Lewis & Rubenst e in, 1971), while o the rs  proposed v isua l (graphemic) 
mediation as a d ire c t  ro u te  from p r in t  to meaning fo r  f lu e n t  reading or word 
recogn ition  (Bower, 1970).
5.2.1 Fluent reading
Early experiments on f luen t  reading claimed to show the influence of aud ito ry  
phonology. Corcoran (1966), using a proofreading paradigm, in s tru c ted  su b jec ts  
to cross  out every occurrence of the l e t t e r  'e* in a passage of tex t and found 
th a t  they were more likely to omit s i l e n t  'e 's than pronounced ‘e ’s. Corcoran 
proposed th a t  an acoustic  image of the stim ulus was being scanned before or in 
p a ra l le l  with the v isual s t im ulus  and thus, when th e re  was no acoustic  
c o r re la te  of the ‘e ’ (as in smoke), i t  was more likely  to be missed than if  both 
acous tic  and v isua l evidence were available .
Chen (1976) applied Corcoran's l e t t e r  cancellation  experiment to three deaf 
samples: congenitally  profoundly deaf, adven tit ious ly  profoundly deaf, and 
h a rd -o f-h ea r in g ,  in addition to a hearing sample. The ha rd -o f-h ea r in g  and 
hearing  su b jec ts  missed s ig n if ic a n t ly  more s i l e n t  ‘e ’s than pronounced ‘e 's  but 
the profoundly deaf sub jec ts  showed no acoustic  influence. Chen concluded th a t  
profoundly deaf people re ly  mainly on the v isual modality, whereas the 
h a rd -o f -h e a r  ing make use of an "acoustic image" of the te x t .
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Locke (1978) e laborated  th is  task to include de tec tion  of modal versus  non- 
modal examples of l e t t e r s .  For example, g  has modal phonemic forms in rag  and 
rage  but a non-modal phonemic form in rough and r ig h t.  Locke found th a t  
hearing  children were more likely to miss non-modal than modal forms, but 
ora lly -educated  deaf children detected  exactly  as  many of each type. He 
conluded th a t ,  unlike hearing children, deaf ch ildren  do not mediate p r in t  with 
speech. While th is  conclusion may be co rrec t ,  i t  is  un fo r tuna te  th a t  n e i th e r  
Chen (1976) nor Locke (1978) provide any evidence th a t  th e i r  deaf sub jec ts  
ap p rec ia te  the correc t a r t ic u la t io n  of words with s i l e n t  or nonmodal l e t t e r s  
such as the g  in r igh t. If the sub jec ts  had erroneously  a r t i c u la te d  these  
s i l e n t  l e t t e r s ,  (e.g. / r a l g a t /  for r ig h t  then th e i r  response p a t te rn  could be 
sa id  to r e f le c t  a r t ic u la to ry  coding. Indeed, Dodd & Hermelin (1977) found 
evidence of ju s t  such e r ro rs  in profoundly deaf ch ild ren 's  speech (see Section 
5.1,2), although Dodd (1987) did not r e la te  th is  evidence to her own l e t t e r  
cancella tion  experiment with profoundly deaf children from ora l and Total 
Communication environments. Unexpectedly, she found th a t  the Total 
Communication group was s im ilar  to the hearing  con tro l group, in th a t  both 
groups detected  s ig n if ic a n t ly  more pronounced than s i l e n t  ‘g 's  in comparison to 
the o ra l  deaf group, for whom the e f fe c t  was weak. This may r e f l e c t  the 
su p er io r  language s k i l l s  of deaf children exposed to Total Communication.
D etailed examination of the l e t t e r  cancella tion  paradigm has cas t  doubt on 
Corcoran's in te rp re ta t io n  tha t i t  rep resen ts  a c t iv a t io n  of an 'acous tic  image'. 
Smith and h is  colleagues have examined the morphemic (grammatical) s t a t u s  of 
d e tec ted  and omitted ta rg e t  l e t t e r s  and have shown th a t  the p robab il i ty  of 
d e tec tin g  a ta rg e t  l e t t e r  depends more on i t s  l in g u is t ic  function than i t s  
phonological rep resen ta tio n ,  suggesting  th a t  the (hearing) read e r 's  morphemic 
knowledge is a fac to r  in performance on l e t t e r  cance lla tion  tasks  (Smith &
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Groat, 1979; Smith & Pat tison, 1982; Smith & S te r l ing ,  1982). For example, the 
‘e ’ in hundred  or naked is  three  times more likely to be de tec ted  than the *e' 
in wanted^ which is pa r t  of the pas t  tense a f f ix  '-ed '.  Richardson <1984) has 
rep lica ted  these  findings and argues aga in s t  phonological coding in fluen t 
reading. He demonstrated tha t pronounced ‘e ’s in the p a s t  tense a f f ix  '-ed ' 
were le ss  likely  to be detected  than s i l e n t  ‘e 's  in the same a ff ix .  For 
example, in wan ted, the a f f ix  is  pronounced /Id / ,  bu t in hummed i t  is  rea l ised  
as /d /  and in smoked i t  is  r e a l is e d  as  / t / .  If an aco u s tic  or a r t ic u la to ry  
rep re sen ta t io n  was formed in f lu en t  reading, the / I d /  r e a l i s a t io n s  should be 
e a s ie r  to d e te c t  than the o ther  two forms. In fac t ,  the re  was no s ig n if ic a n t  
d iffe rence  between / Id /  and / t /  de tec tion ; both were a ssoc ia ted  with 
s ig n if ic a n t ly  more e r ro rs  than the /d /  form.
This is co n s is te n t  with Chomsky & Halle's (1968) view th a t  English orthography
is:
"a near  optimal system fo r  the lex ical r e p re sen ta t io n  of English words. 
...The fundamental p rincip le  of orthography is th a t  phonetic va r ia t ion  
is  not indicated where i t  is  p red ic tab le  by genera l rule." (p.49)
The '-ed ' a f f ix  is a c la ss ic  example of th is  p rincip le ,  unambiguously
rep resen t ing  the pas t  tense to the reader  but ignoring phonetic va r ia tions .
Thus, our sp e ll in g  system conveys meaning ra th e r  than ju s t  the sounds of the
language. Of course, th is  is not to say tha t Chomsky & Halle believed th a t  our
orthography is a purely v isual rep re sen ta t io n  of language; English orthography
is n e i th e r  purely  v isual nor purely phonemic. The find ings of Smith and of
Richardson (1984) suggest tha t i t  is not a t  th is  grapheme/phoneme level th a t
sub jec ts  a re  operating  in the l e t t e r  cancella tion  task, bu t a t  the level of
morphology. If so, the findings of Chen (1976) and Locke (1978) th a t
profoundly deaf children show no d i f f e r e n t ia l  de tec tion  of pronounced and
s i le n t  l e t t e r s  could be indicative of a more limited apprec ia tion  of morphemes
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in f lu e n t  reading. The l a t t e r  finding would then f i t  in with dem onstrations of 
deaf ch ild ren 's  problems with syntax genera lly  and morphology in p a r t i c u la r  
(see Rodda & Grove, 1987; Mogford, 1988) and with Dodd's (1987) finding th a t  
children educated by Total Communication are  more s im ila r  to hearing children 
than o ra lly -educated  children, whose l in g u is t ic  knowledge is le ss  complete. For 
example, congenitally  deaf children have d i f f i c u l t i e s  comprehending sentences  
such as  "The boy's reading pleased  b is  mother" because i t  is sy n ta c t ic a l ly  more 
complicated than the simple sub jec t-ve rb -ob jec t  c lauses  these children p re fe r  
to use in th e ir  own w r i t ten  work. Indeed, they o f ten  omit conjunctions, 
aux i l ia ry  verbs, p reposit ions  and pronouns -  the 'function ' words.
If n e i th e r  auditory  nor a r t ic u la to ry  phonology is involved in f lu en t  reading 
(as measured by the l e t t e r  cancella tion  task), then we must look elsewhere for 
a t e s t  of phonological versus  graphemic coding in deaf subjects .
5.2.2 Sentence meaning
A method designed by Baron (1973) was to p resen t sk i l le d  hearing read e rs  with 
sho rt ,  p rin ted  phrases such as 'T ie  the noV, 'He is  i lT  and 'He is  know', to 
which they had to make judgements of meaningfulness. If the p rin ted  form is 
converted to a phonological code, he reasoned, then phrases  including 
homophones, such as 'T ie  the not*, would produce a delay in re jec tio n  on some 
portion  of the t r i a l s  due to the a l te rn a te  sp e ll in g  (.knot) being accessed and 
the r e s u l t in g  orthographic mismatch having to be checked in the lexicon. 
Contrary to th is  hypothesis, Baron's reac tion  time da ta  showed no s ig n if ic a n t  
delay in re jec tin g  meaningless phrases th a t  were phonemically p lau s ib le  (e.g. 
'T ie  the not*). Baron concluded from th is  th a t  lex ica l access could be 
accomplished without phonological coding. However, he ignored the fa c t  th a t  
h is  su b jec ts  did produce more than twice as many e r ro r s  on these phrases  as
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on o rthograph ically  and phonemically incongruent phrases  such as 'He is  know'. 
Thus^'^his r e s u l t s  do in fac t  sugges t phonological coding.
Using th is  paradigm with hearing children aged s ix  to ten years, Doctor & 
C o ltheart  (1980) found s ig n if ic a n t ly  more e r ro rs  with meaningless phrases  th a t  
were phonemically p lausib le  (e.g. ' I  have know time') than with phonemically 
implausible phrases (e.g. '1 have blue time') but th a t  performance increased 
s ig n if ic a n t ly  with age, with o lder  children making fewer e r ro rs  of th is  type.
The phonemic e f f e c t  was the same for all-word phrases  and phrases contain ing 
a pseudohomophone (e.g. *I have noe time'). Doctor & C oltheart  concluded th a t  
younger reade rs  re ly  ex tensively  on phonological coding whereas reade rs  of 
nine years  and older re ly  la rge ly  on a d irec t  v isu a l  (orthographic) code.
Control experiments showed th a t  n e i th e r  graphemic s im i la r i ty  of homophones nor 
s u b je c t s ’ inab il i ty  to sp e l l  homophones correc tly  could explain the findings.
Treiman & Hirsh-Pasek (1983) extended th is  paradigm to profoundly deaf second- 
genera tion  ASL users  with above-average reading a b i l i ty  fo r  deaf people. In a 
s e r ie s  of experiments te s t in g  for a r t ic u la to ry  coding, a f ingerspelled  code and 
a s ign code, they f i r s t  used meaningless sen tences contain ing  homophones (e.g. 
'He doesn 't lik e  to ea t m eet') and control meaningless sen tences (e.g. 'He 
doesn 't lik e  to ea t m elt') with f i l l e r  meaningful sen tences  (e.g. 'Apples grow on 
trees '). Hearing sub jec ts  made a highly s ig n if ic a n t  number of e r ro rs  on the 
homophone sentences but the deaf sub jec ts  showed no homophone e f fe c t ,  r e j e c t ­
ing both types of meaningless sentence equally o f ten .  This was taken to  be 
evidence ag a in s t  a r t ic u la to ry  coding. (Note the assumption th a t  homophones 
t e s t  for a r t ic u la to ry  coding in a profoundly deaf sample; th is  c o n t ra s ts  with 
Dodd & Hermelin's (1977) assumption tha t they were measuring ab s t ra c t  
phonological coding -  see sec tion  5.1.2.)
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Treiman & Hirsh-Pasek (1983, Experiment 2) obtained con fl ic t ing  r e s u l t s  in 
th e i r  rep lica t io n  of a s im ilar  experiment by Baddeley & Hitch (1974), using 
s im i la r - a r t i c u lâ t  ion sentences ( ‘to n g u e -tw is te rs ')  which were e i th e r  meaningful 
(e.g. 'She chose three shows to see  a t the thea tre ')  or meaningless (e.g. 
'Children should cheer chores their'). Example con tro l sen tences  were:
'She p icked  two m ovies to see  with h er  friend '; and 'Children m ust g r e e t  games 
the ir '. Both deaf and hearing sub jec ts  made s ig n if ic a n t ly  more e r ro r s  judging 
the meaningfulness of s im ilar  a r t i c u la t io n  sen tences  than of con tro l sentences, 
but Treiman & Hirsh-Pasek re jec ted  these  findings as  evidence of a r t i c u la to ry  
coding because Baddeley & Lewis (1981) suggested  th a t  the sen tences  confounded 
a r t i c u la to ry  with graphemic s im ila r i ty .
Treiman & Hirsh-Pasek‘s t e s t  for a f inge rsp e l l in g  code (Experiment 3) adapted 
Baddeley & Hitch's (1974) tongue-tw is te r  paradigm to involve English sentences 
whose f ingerspe lled  versions contain many confusing sequences. For example the 
f in g e rsp e l l in g s  for ‘r ’ and ‘u ’ are  highly confusable; ‘e*, ‘a ’, ‘s ’ and *t' a re  also 
very s im ila r  to each o ther. Thus, a meaningful s im i la r - f in g e rsp e l le d  sentence 
was: 'Why don't you pour out our prune Juice  ?  I ts  con tro l (non-sim ilar) 
sentence was: 'Why doesn 't he throw away the peaches T A meaningless s im ila r -  
f ingerspe l led  sentence was; 'We a te  s te a k  easy ha te '. I t s  con tro l sen tence was; 
'We had fish  hard love'. Both hearing and deaf su b jec ts  took longer on the 
s im ila r  sen tences than the control sen tences  and, s ince  the hearing  su b jec ts  
had not learned fingerspe lling , the e f f e c t  was not a t t r ib u te d  to a genuine 
f ingerspe l led  code but to rep e t i t io n  of l e t t e r s  in the s im ila r  sen tences. 
Nonetheless, Treiman & Hirsh-Pasek noted th a t  some deaf su b jec ts  may use a 
f ingerspel ling code when reading d i f f i c u l t  m a te ria l .
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Their f in a l  experiment (Experiment 4) te s ted  for coding into ASL. They used 
the same paradigm, developing sen tences  whose t ra n s la t io n s  into sign contained 
many formationa 1 ly -s im ila r  s igns . For example, the sen tence ‘I  a te  the apples  
a t home yeste rd a y ' contains the s im ila r  s igns ‘e a t ’, ‘ap p le ’, ‘home’ and 
‘y e s te rd a y ’. I t s  control sentence, containing d is s im ila r  s igns  was: ‘I  a te  the 
bananas a t  work la s t  week.' Confounding with graphemic s im i la r i ty  was avoided 
in th i s  experimental design, s ince  English words bear no r e la t io n  to the form 
of ASL signs . The deaf sub jec ts  made s ig n if ican t ly  more e r ro r s  on the s im ila r  
sign sen tences  than the con tro l sen tences ,  whereas th e ,h e a r in g  sub jec ts  showed 
no decrement on sim ilar sign sen tences .
Treiman & Hirsh-Pasek concluded th a t  th e i r  deaf su b jec ts  genera lly  recoded into 
s ign when reading for meaning. They considered th a t  th i s  s t r a te g y  would 
provide the maximal comprehension advantage given th a t  s ign is th e ir  primary 
language. This conclusion makes in tu i t iv e  sense and supports  Shand's (1982) 
primary language coding hypothesis, derived from evidence th a t  deaf s igne rs  
show poorer STM reca l l  of p r in ted  English word l i s t s  whose ASL t ra n s la t io n s  
are  s t r u c tu r a l ly  sim ilar (the s ign  equivalent of Conrad's (1964) phonemic 
con fu sab il i ty  e f fec t ) .  However, th is  evidence has been c r i t i c i s e d  by Hanson & 
L ich tenste in  (1990), who showed th a t  the same r e s u l t s  were obtained with 
hearing su b jec ts  who had no sign ing  experience, when using Shand's word l i s t s .  
The ASL-similar words (CHINESE, JAPANESE, JEALOUS, BORED, CANDY, APPLE, ONION) 
were c r i t i c i s e d  for fa i l ing  to con tro l for word length and semantic assoc­
ia tion , both known to p red ic t r e c a l l  ab i l i ty .  Hanson's (1982) STM re c a l l  
experiment using the same paradigm did contro l for these  fa c to rs  and showed no 
ASL-similarity e f f e c t  for deaf s ig n e rs  (see sec tion  5.1,2). I t  appears, then, 
th a t  recoding into sign is b en ef ic ia l  to deaf s ig n e rs  when reading for meaning 
but is no t involved in the immediate re c a l l  of l i s t s  of p r in ted  words.
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5.2.3 Word recogn ition
The lex ical decision paradigm, in which sub jec ts  have to decide if  a s t r in g  of 
l e t t e r s  is  an English word or not, was commonly used to t e s t  the opposing 
models of phonological and graphemic coding by normal readers .  For example, 
Rubens te  in e t  a l . <1971) showed tha t reac tion  time <RT) in th is  task appeared to 
depend on phonemic p ro p e r t ie s  of the l e t t e r  s t r in g s .  Negative responses were 
f a s t  fo r  unpronounceable nonwords (e.g. BRAKV), slower fo r  pronounceable 
non words (e.g. BLEAN) and slow est for pseudohomophones (nonwords with the same 
pronunciation as a r e a l  word, e.g. BRUME). P ositive  responses were slower for 
homophones (e.g. MAID) than for non-homophones. Rubens te  in e t  a l  explained 
th e i r  findings in terms of phonemic ( ’a u d i to ry /a r t ic u la to ry ')  encoding. Their 
model proposed tha t the phonemic form of the l e t t e r  s t r in g  is  segmented and 
compared with a phonemic rep resen ta t io n  of e n t r ie s  in the in te rna l  lexicon (the 
s to r e  of known words). If the two rep re sen ta t io n s  correspond, then the s t r in g  
is accepted as a word. An unpronounceable s t r in g  can be re jec ted  a t  the 
segmenting s tag e  as ' i l l e g a l ' ,  whereas a pseudohomophone w ill a c t iv a te  the 
phonemic rep re sen ta t io n  of a re a l  word in the lexicon and can only be re je c ted  
by a subsequent orthographic check, adding to the RT. Similarly, RT to 
homophones is comparatively slow because a l te rn a t iv e  sp e ll in g s  must be checked.
This experiment was c r i t ic i s e d  on the grounds th a t  the r e s u l t s  could equally  
be explained by a graphemic s im ila r i ty  hypothesis. Meyer, Schvaneveldt & Ruddy
(1974) observed tha t unpronounceable nonwords are  a lso  graphemically unlike 
English words and may th e re fo re  have been re je c ted  on the bas is  of th e ir  
orthographic i l le g a l i ty ,  whereas pseudohomophones have the graphemic 
appearance of English words and will thus be harder to re je c t .  In o rder  to 
t e s t  for graphemic processing, Meyer e t  al. (1974) conducted a lex ica l decision 
experiment in which orthographic lega lity  was con tro l led  by cons truc t ing
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nonwords from common words, with only the in i t i a l  consonant replaced. Subjects 
were shown p a irs  of l e t t e r  s t r in g s ,  each member of which could be a word or a 
non word, and they were in s tru c ted  to  respond ‘yes' i f  both s t r in g s  were English 
words. The p a i rs  were e i th e r  graphemically and phonemically s im ila r  (e.g. 
BRIBE-TRIBE, HEDGE-PEDGE), graphemically s im ila r  but phonemically d iss im ila r  
(e.g. COUCH-TOUGH) or controls  (e.g. BRIBE-TOUCH). The r e s u l t s  indicated a 
s ig n i f ic a n t  e f f e c t  of varying phonemic s im ila r i ty  independent of the graphemic 
s im i la r i ty  of the word pairs . For example, ‘yes ' responses  to COUCH-TOUCH were 
s ig n if ic a n t ly  slower than ‘y e s ’ responses to BRIBE-TOUCH, whereas ‘y es ’ 
responses to BRIBE-TRIBE were s l ig h t ly  f a s te r  than to BRIBE-TOUCH. Meyer e t  
al. th e re fo re  re jec ted  the graphemic encoding hypothesis and supported 
Rubenstein e t  a l . 's  (1971) phonemic coding model, a t  le a s t  fo r  th is  type of 
w ord-recognition  task. They did not ru le  out Baron's (1973) d u a l-ro u te  model, 
which proposed tha t in some tasks ,  graphemic coding is  dominant whereas in 
o the rs  phonological rep re sen ta t io n s  w ill dominate.
Extensive reviews of the research  generated by these experiments has 
e s tab l ish ed  th a t  phonological coding is important to the (hearing) beginning 
reader, bu t th a t  adu lt  readers  a re  able to use both v isu a l  and phonological 
rou tes  according to the demands of the task (McCusker, H i l  l inger & Bias, 1981; 
Crowder, 1982). McCusker e t  a l. concluded th a t  phonological coding is used in 
the lex ica l access of d i f f i c u l t  or unfam iliar m ateria l  (including nonwords), bu t 
v isua l mediation, which is the f a s t e r  mode, may be used to  access f requen tly -  
used words. This dua l-rou te  model was expounded in a narrow form by 
C oltheart (1978), who proposed th a t  the phonological ro u te  operated e n t i re ly  
through grapheme-to-phoneme correspondence ru le s  as  s p ec if ied  by Venezky 
(1970). These ru le s  consider only l e t t e r s  rep resen t in g  s in g le  phonemes, (e.g. 
EA for / i / )  and are  thus low-level ru le s .  Glushko (1979) argued th a t  h igher-
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order ru le s  a lso  operate , usually  involving segmentation of a monosyllabic word 
into i n i t i a l  phoneme + 'word body' (e.g. H + EALTH, as opposed to Venezky's 
H + EA + L + TH).
Glushko (1979) posited  th a t  the re g u la r / i r r e g u la r  dimension, d is tingu ish ing  
words obeying the grapheme-to-phoneme ru le s  from exception words, was le ss  
re le v an t  than the unconsidered dimension of consistency, a t  le a s t  fo r  reading 
aloud (word naming). For example, although COVE follows regu la r  grapheme-to- 
phoneme ru le s ,  i t  is rendered inconsisten t by the i r re g u la r  ‘orthographic 
neighbours’ DOVE, GLOVE and LOVE. On the o the r  hand, the orthographic 
neighbourhood -ONG is c o n s is te n tly  regu la r  (cf. SONG, LONG, WRONG, GONG). Thus, 
the re  could be two types of reg u la r  word: reg u la r  co n s is te n t  and reg u la r  
inconsis ten t.  Glushko rep lica ted  the finding (e.g. Coltheart,  1978) th a t  re g u la r  
words a re  named more rap id ly  than exception words, bu t he went on to p resen t 
evidence th a t  regu la r  inconsis ten t words (e.g. LEAF) and exception words (e.g. 
DEAF) produced s im ilar  naming la tencies ,  both s ig n if ic a n t ly  longer than reg u la r  
co n s is te n t  words (e.g. DEAL). Glushko the re fo re  argued th a t  i t  is a c t iv a t io n  of 
the orthographic  neighbourhood, not the app lica tion  of grapheme-to-phoneme 
ru le s ,  th a t  governs pronunciation of a word. This has become known as analogy 
theory, although Glushko distanced himself from l i t e r a l  models of reading by 
o rthographic  analogy (e.g. Brooks, 1978) in which unfam iliar words a re  read by 
im plic it genera lisa t ion  from known words (e.g. KOME as in HOME) ra th e r  than 
grapheme-to-phoneme conversion. Glushko p re fe r red  the concept of a genera l,  
c o n te n t- f re e  ac tiva tion  process.
Experimental support fo r  Glushko's position  (Parkin, 1984; Treiman & Chafetz, 
1987) led to serious  rev is ion  of the d u a l-rou te  model. Indeed, i t  is  now 
claimed (Patterson & C oltheart,  1987; Stanhope & Parkin, 1987) th a t  the model
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is no longer d i s t in c t  from i t s  former r iv a l ,  analogy theory (e.g. Humphreys & 
Evett,  1985). The analogy theory has i t s e l f  undergone rev is ion  to accommodate 
evidence of phonological coding, hence the proximity of the two models. For 
example, Seidenberg, Waters, Barnes & Tanenhaus (1984) demonstrated a r t e f a c t s  
in Glushko's experiment caused by re p e t i t io n  in h is  s tim ulus  l i s t s  of the same 
orthographic  neighbourhoods. Seidenberg e t  a l.  showed th a t  such w i th in - l i s t  
r e p e t i t io n  (e.g. GONE, DONE, TONE, SHONE, BONE, NONE) led to an encoding bias  
e f f e c t ,  as observed by Meyer e t  a l .  (1974). Their own rep l ica t io n  avoided th is  
w i th in - l i s t  r e p e t i to n  and fa iled  to find a s ig n if ic a n t  d iffe rence  in naming 
latency between cons is ten t  and inconsis ten t reg u la r  words, c as t in g  doubt on the 
importance of consistency as a variab le . Seidenberg e t  a l .  a lso  found th a t  
inconsis ten t and exception words only slow pronunciation for low-frequency 
words; high-frequency words may be addressed d ire c t ly  from the lexicon (for 
example, GONE is an exception word but pronunciation is  rapid  because i t  is so 
fam iliar).
Pa tte rson  & C oltheart (1987) conclude from a review of early  research  into 
phonological coding and the ensuing d u a l-ro u te  versus analogy theory debate 
th a t ,  although ea r ly  research  into the recognition  of p rin ted  words may have 
been over-confiden t in i t s  be l ie f  th a t  phonological coding is  the e s s e n t ia l  
mediator of p r in t  (Rubenstein e t  a l, 1971), recognised words may autom atically  
a c t iv a te  phonological rep resen ta t ions ,  even in s i l e n t  f lu en t reading, which is  
acknowledged to be la rgely  visual.  That is, although sk il led  read e rs  can 
recognise fam ilia r  p rin ted  words d irec t ly ,  without e x p l ic i t  re fe rence  to 
phonology, an unattended phonological rep re sen ta t io n  may become ava ilab le  as  
p a r t  of the comprehension process. P a tte rson  & C oltheart d is t in g u ish  between 
th is  (pos tlex ica l)  addressed phonology and the a l te rn a t iv e ,  p re lex ica l ,  rou te .
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used for unfam iliar words and nonwords, assembled pbonolgy. The l a t t e r  incor­
p o ra te s  grapheme-to-phoneme processes and analogy from la rg e r  un its  or words.
Meyer e t  a l ’s  (1974) lex ical decision experiment was re p l ic a te d  on deaf 
su b jec ts  by Hanson & Fowler (1987), using p re lingua lly  profoundly deaf s tu d en ts  
a t  Gallaudet College (the main higher education in s t i tu t io n  fo r  deaf people in 
the USA). The sub jec ts  were ASL users  with so p h is t ic a ted  language a b i l i t i e s .  
Hearing college s tuden ts  formed a con tro l group. The hearing  sub jec ts '  
reac tio n  time data showed the response p a t te rn  found by Meyer e t  al; a small 
f a c i l i t a t i o n  e f f e c t  on rhyming graphem ica 1 ly -s  im i la r  word p a irs  (e.g. BRIBE- 
TRIBE) and a large in te rfe rence  e f f e c t  on non-rhyming graphem ically-s im ilar 
word p a i rs  (e.g. COUCH-TOUCH). The deaf sub jec ts  showed a large f a c i l i t a t io n  
e f f e c t  on rhyming graphem ica 1 ly -s  imi la r  word p a irs  (e.g. BRIBE-TRIBE) but no 
in te r fe ren ce  e f fe c t  on non-rhyming graphem ica 1 ly -s  imi la r  word pa irs  (e.g. 
COUCH-TOUCH).
In o rder  to control fu r th e r  for orthographic e f f e c t s ,  Hanson & Fowler (1987, 
Experiment 2) rep lica ted  the experiment so th a t  graphem ica lly -s im ilar  rhyming 
and non-rhyming word pa irs  were matched.’ For example, the rhyming pa ir  SAVE- 
WAVE would be matched with the non-rhyming pa ir  HAVE-CAVE. The in s tru c tio n s  
were modified to s t r e s s  accuracy because of the high e r ro r  r a t e  in Experiment 
1 amongst the deaf sample. Although e r ro rs  dropped, the p a t te rn  of responses 
was broadly unchanged; there  was a la rge r  e f fe c t  of phonological re la t io n  for 
hearing  sub jec ts  than for deaf sub jec ts ,  but both groups were influenced by 
phonological s im ila r i ty .  (In fac t ,  more de ta iled  an a ly s is  revealed  th a t  h a l f  of 
the deaf su b jec ts  showed fa c i l i t a t io n  on both experim ental s e t s  of words -  
rhyming and non-rhyming -  r a th e r  than f a c i l i t a t io n  on rhyming p a irs  (e.g. SAVE- 
WAVE) and an in terference  e f f e c t  on non-rhyming graphem ica 1 ly -s  imi la r  word
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p a irs  (e.g. HAVE-CAVE). This p a t te rn  ind icates  th a t  these sub jec ts  had fa i led  
to d is t in g u ish  rhyming word pa irs  from non-rhyming but graphem ica 1 ly -s  imi la r  
word p a irs .  This applied both to Experiments 1 and 2.)
Hanson & Fowler concluded tha t th e i r  r e s u l t s  o v e ra l l  showed some (but not 
exclusive) use of phonological information by profoundly deaf individuals, 
p a r t ic u la r ly  when orthographic cues were removed. They noted th a t  the n a tu re  
of th e i r  s u b je c ts '  phonological rep re sen ta t io n s  was not e s tab l ished ,  bu t they 
favoured an a r t ic u la to ry  rep resen ta tion , even fo r  su b jec ts  with poor speech 
in t e l l ig ib i l i t y ,  s ince  th is  measure is based on a l i s t e n e r 's  perception of th e ir  
speech r a th e r  than th e ir  own in terna l rep re sen ta t io n .
The lex ical decision and STM reca l l  paradigms have proved f r u i t f u l  as methods 
of exploring phonological coding of p r in t  by deaf and hearing sub jec ts .  The 
(sometimes unspoken) assumption th a t  th is  coding was auditory  when only 
hearing populations were of in te re s t  has, n ev er th e le ss ,  c rea ted  confusion over 
what is being measured when profoundly deaf individuals  are  given the same 
tasks . The s tro n g  influence of aud ito ry /a r t i c u la to r y  fa c to rs  in hearing 
su b je c ts '  responses to these tasks is inconsis ten tly  found in the responses of 
profoundly deaf sub jec ts .  Where i t  is ev ident, i t  is u sually  a t t r ib u te d  to 
a r t i c u la to ry  processes.
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5.2.4 Rhyme judgement
The language coding experiments described thus f a r  have investiga ted  only 
im plic it awareness of rhyme or homophony by deaf su b jec ts .  An in te re s t in g  
study by Blanton, Nunnally & Odom (1967) explored e x p l ic i t  appreciation  of 
rhyme, Blanton e t  al. gave a rhyme judgement task to 151 deaf children from a 
wide age range, with varying levels  of deafness and age of onset,  receiving 
s ign-based  schooling. In th is  task, 24 prin ted  words were each shown with two 
a l te rn a t iv e  matches, one the c o r re c t  rhyme and the o th e r  a graphemic match.
For example, POUR was presented with TORE and HOUR. The sub jec ts  were 
in s tru c ted  to mark the word th a t  rhymed with the s tim u lus  word. Deaf sub jec ts  
made s ig n if ic a n t ly  more e r ro rs  than hearing sub jec ts  of approximately the same 
age; on average, they performed a t  chance level, although some individuals were 
more su ccess fu l  than o thers . Blanton e t  a l. concluded th a t  deaf sub jec ts  show 
limited awareness of rhyme.
Hanson & Fowler (1987), in addition  to the lexical decis ion  task already 
described, gave the ir  s ix teen  Gallaudet College su b jec ts  a paper-and-pencil  
rhyme judgement task using Meyer e t  a l 's  (1974) word/word pa irs .  Subjects 
were shown a l l  the prin ted  word p a irs  and in s truc ted  to w rite  ‘y e s ’ beside 
those th a t  rhymed. Deaf su b jec ts  made many e r ro rs ,  p a r t i c u la r ly  on non-rhyming 
graphem ica 1 ly -s  imi lar word p a irs  (e.g. COUCH-TOUCH), fo r  which the mean e r ro r  
r a te  was 71%. (This is co n s is ten t  with Blanton e t  a l 's  (1967) findings, 
although Blanton e t  al. found l i t t l e  system atic  e f f e c t  of graphemic s im ila r i ty .)  
Performance on these pa irs  co rre la ted  s ig n if ican t ly  with speech in te l l ig ib i l i ty ;  
the more in te l l ig ib le  the speech, the g re a te r  the accuracy. Given th is  
co rre la t io n  between speech in t e l l ig ib i l i t y  and rhyme judgement, i t  could be 
argued th a t  a b e t te r  a r t ic u la to ry  rep resen ta tio n  is derived  if  the individual 
can a r t i c u la te  clearly .
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Noting th a t  only one in four of Meyer e t  a l 's  (1974) word p a irs  rhymed (since 
the con tro ls  for each experimental type were both non-rhymes), Hanson & Fowler 
modified th e ir  rhyme judgement task to forced-choice comparisons of th e ir  
matched experimental p a i r s  only. Thus, sub jec ts  were asked in the w rit ten  t e s t  
which pa ir ,  of SAVE-WAVE and HAVE-CAVE, was the rhyming pair.  Hearing 
su b jec ts  were almost a t  ce i ling  level, but deaf s u b jec ts  made 36% e r ro rs ;  th is  
was, nonetheless , s ig n if ic a n t ly  b e t te r  than chance.
Campbell & Wright (1988) te s ted  o ra lly -educated , congenita lly  profoundly deaf 
ado lescen ts ' rhyme judgements, using p ic tu re s  r a th e r  than words as s tim uli.  
Graphemic and phonetic s im i la r i ty  were manipulated in a cross-balanced  design 
such th a t  p ic tu re  p a irs  were e i th e r  rhyming, graphemically s im ila r ,  n e i th e r  or 
both. Congruent p a irs  were rhyming words th a t  have s im ilarly  spe lled  endings 
(e.g. DOG-FROG), and non-rhymes whose spe ll ings  co r re c t ly  indicate  d i f f e re n t  
sounds, (e.g. PIG-PEG); incongruent p a irs  were graphem ica l ly -d is s  imi la r  rhyming 
words (e.g. EYE-FLY) and graphem ica 1 ly -s  imi la r  non-rhymes, which suggest a 
rhyme when the re  is  none (e.g. MAN-SWAN). Campbell & Wright showed the 
combined s e t  of f i f t y  p ic tu re  p a irs  to th e i r  deaf su b jec ts  and a reading-age 
matched group of hearing children and in s tru c ted  them to s o r t  the p a irs  into 
rhyming and non-rhyming s e ts .  A marked e f f e c t  of orthographic congruence was 
found for the deaf group, with more e r ro rs  on incongruent p a irs .  The hearing 
con tro l group performed v ir tu a l ly  a t  ce i l ing  level on the task and showed no 
e f f e c t  of orthographic congruence.
Approximately one week la te r ,  the experiment was repea ted  on the same 
sub jec ts ,  but used prin ted  words instead of p ic tu re s .  (The m a te r ia ls  were 
otherw ise the same.) In th is  condition, both groups showed a s ig n if ic a n t  
e f f e c t  of orthographic congruence, but i t  was more marked in the deaf group.
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who showed no s ig n if ican t  d if fe rence  between word and p ic tu re  performance 
overa ll .  In the word condition, deaf sub jec ts  performed a t  chance level on 
incongruent p a irs .  Reading age was s ig n if ican t ly  co r re la ted  with success fu l 
rhyme judgement of incongruent word and p ic tu re  p a i rs ,  as  were ra ted  speech 
i n t e l l i g ib i l i t y  and lipreading t e s t  score.
Thus, while the hearing sub jec ts  showed evidence of phonological coding in 
th e i r  rhyme judgements of p ic tu re  p a irs ,  the deaf su b jec ts  were c learly  basing 
th e i r  judgements on orthography ra th e r  than phonology. There was a 
s ig n i f ic a n t  e f f e c t  of orthographic incongruence sp e c if ic  to words for the 
hearing sample, suggesting  some graphemic processing in th is  group, dependent 
on the perception  of graphemes. I t  would appear th a t  these  incongruent 
s t im u li  have led to an encoding bias  e f f e c t  (Meyer e t  a l . ,  1974), such th a t  the 
f i r s t  member of the pa ir  (e.g. COMB-BOMB) is coded both phono logically  and 
graphemically and the second member is then biased by the spe ll ing  of the 
f i r s t ,  causing the hearing reader to f a i l  to recognise  p r in ted  words which they 
would know in n e u tra l  contexts. This e f f e c t  was not observed in the absence 
of graphemic cues, tha t is, in the p ic tu re  condition, where coding was ev iden tly  
phonological (presumably auditory). In co n tra s t ,  the deaf sub jec ts ,  lacking an 
aud ito ry  code, searched only for orthographic congruence, using th e i r  lex ical 
knowledge of the p ic tu re  names in the absence of graphemic s tim uli.
Campbell & Wright noted tha t th e i r  s t im u li  confound orthographic  congruence 
and orthographic  reg u la r i ty ,  which might have influenced th e i r  r e s u l t s .  That 
is, a l l  bu t one word pa ir  in the congruent l i s t s  a re  of reg u la r  spe ll ing  (e.g. 
DOG-FROG; BIKE-BOOK) whereas over ha lf  of the incongruent p a irs  contain an 
i r r e g u la r ly - s p e l le d  word (e.g. BLÜE-SHOE; MAN-SWAN). According to Seidenberg e t  
al. (1984), th i s  should only be re levan t for low-frequency words. Of course.
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fo r  Campbell & Wright's su b jec ts ,  with a mean read ing  age of 8 years, i t  is 
po ss ib le  th a t  some of the words (e.g. SWAN) might be unfam iliar in th e i r  
w r i t te n  form. This f i t s  Campbell & Wright's observa tion  th a t  improvement in 
reading  a b i l i ty  is a ssoc ia ted  with some re le a se  from graphemic coding in rhyme 
judgement. For the deaf sub jec ts ,  the same re la t io n sh ip  with rhyme judgement 
was a lso  found for speech and (to a le sse r  e x ten t)  lipreading scores. This 
a t t e n t io n  to lipreading as a possib le  variab le  is  su rp r is in g ly  lacking in most 
previous research  into deaf coding of phono lo g ic a l ly - re  la ted m ateria ls .  An 
exception is some work by Dodd & Hermelin (1977), to be considered in Section 
5.3.2. Thus, i t  is possib le  th a t  the deaf su b jec ts  who were more su ccess fu l  a t  
Campbell & Wright's task  used a r t ic u la to ry  and lip read  codes in addition  to (or 
in p reference to) graphemic coding.
5.2.5 A rticu la to ry  suppression
A rt icu la to ry  suppression, or concurrent a r t i c u la t io n ,  r e f e r s  to the method of 
req u ir in g  sub jec ts  to repea t  simple verbal m a te r ia l  (e.g. counting or repea ting  
‘th e ’) a t  the same time as they carry out some o th e r  cognitive task. Many 
re se a rc h e rs  have used th is  technique in the p a s t  as  a method of inh ib iting  
phonological coding of p r in ted  m ateria ls .  The seminal experiment by Kleiman
(1975) demonstrated th a t  'phonemic comparisons' (i.e. rhyme judgements on 
p r in ted  word pa irs)  were s ig n if ic a n t ly  more impaired during a r t ic u la to ry  
suppress ion  than 'v isu a l '  comparisons (in which graphemically s im ila r  p a irs ,  
such as LEMON-DEMON, requ ire  a pos itive  response). This experiment, and many 
like  i t ,  a re  based on the assumption th a t  phonological coding involves the 
a r t i c u la to r y  apparatus and thus, i f  the a r t i c u la to r s  are  occupied on a 
secondary task, phonological coding w ill be suspended.
— 83 —
The assumption of a r t ic u la to ry  involvement is  based on experiments using 
electromyographic ŒMG) recordings to show subvocal a c t iv i ty  in the speech 
musculature during s i l e n t  reading. A d e ta i le d  review of these  experiments over
the la s t  fo r ty  years  by Brooks (1988) has revealed se r io u s  methodological
/
inadequacies in them. For example, the much-cited experiment by Edfeldt (1959) 
fa iled  to take EMG recordings from any con tro l (nonspeech) muscle -  a common 
e r ro r  -  and thus an in te rp re ta t io n  of genera l a rousa l from r e s t  to  any 
a c t iv i ty  cannot be ru led  out. Brooks concludes th a t ,  although subvocalisation  
may be a necessary  accompaniment of s i l e n t  reading, there  is  no good evidence 
to prove th is  u n t i l  EMG s tu d ie s  are  repeated  with s t r i c t e r  con tro ls .  Thus, the 
a r t ic u la to ry  component of phonological coding is s t i l l  unproven.
An a r t i c u la to ry  suppression experiment by Barron & Baron (1977), using p ic tu re -  
word p a irs ,  showed th a t  hearing children from s ix  to th i r te e n  years  of age 
showed a suppression  e f fe c t  (reduced performance during concurrent 
a r t ic u la t io n )  when asked to make rhyme judgements about the p ic ture-w ord  p a irs  
but no suppression  e f f e c t  when asked to make semantic re la ted n ess  judgements. 
Barron & Baron concluded tha t,  while a u d i to ry /a r t ic u la to ry  coding is  involved in 
rhyme judgement, the re  is  a d irec t  rou te  to the mental lexicon fo r  semantic 
judgements, even fo r  very young children.
Reviewing many experiments using the a r t i c u la to ry  suppression  technique, Besner 
(1987) concluded th a t  i t  is wrong to assume th a t  the technique in te r fe re s  with 
phonological coding, s ince the suppression e f f e c t  only appears to apply to 
rhyme judgement tasks. Homophone judgement is, however, invariably  shown to 
be immune to suppression e f fe c ts .  For example, Baddeley & Lewis (1981) found 
no suppression e f f e c t  in a pseudohomophone judgement task involving p r in ted  
exception words paired  with pronounceable nonsense words, in an experiment
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based on Kleiman (1975). The r e s u l t s  were the same when they used p a irs  of 
pronounceable nonsense words as  the s tim uli.  Baddeley & Lewis (1981) were 
s u rp r ise d  by th is  absence of a suppression e f f e c t  and a t t r ib u te d  i t  to the use 
of nonsense words where Kleiman had used re a l  words. In fac t ,  they fa i led  to 
observe th a t  Kleiman's experiment used rhymes whereas th e i r s  had used 
pseudohomophones. (They even e n t i t l e d  th e ir  experiments ‘Rhyme Judgement 
Experiments’.) Other experiments have confirmed the absence of a suppression 
e f f e c t  with pseudohomophone judgement (Besner, Davies & Daniels, 1981, Expt. 6; 
Besner & Davelaar, 1982, Expts. 1 & 2; Mitte re r ,  1982; Richardson, 1987).
Tasks using pseudohomophones req u ire  the sub jec t to assemble the pronunciation 
of the homophonous nonword through grapheme-to-phoneme conversion or by 
analogy with known words o r  p a r ts  of words (since no addressed visual,  
aud ito ry  or a r t ic u la to ry  rep re sen ta t io n  is ava ilab le  fo r  nonwords); th is  would 
appear to be a c lear  case of phonological (au d ito ry /a r t ic u la to ry )  coding. Yet 
the suppression  experiments c i ted  above suggest th a t  the a r t ic u la to ry  
suppression  technique does not measure phonological coding, because the 
phonological code can be derived from p rin t w ithout use of the a r t i c u la to r s .
What the a r t ic u la to ry  suppression technique does seem to measure, Besner 
(1987) su g g es ts ,  are  the a r t i c u la to ry  processes which a re  involved in rhyme 
judgement but not in homophone judgement. Rhyme judgement involves 
segm entation and deletion  of the i n i t i a l  phonemes of a word p a ir  (e.g. B/EAR -  
CH/AIR) and matching the remaining phonemes (the rimé). I t  is now well- 
e s tab l ish ed  th a t  rhyme judgement is s ig n if ican t ly  impaired by a r t ic u la to ry  
suppression  (e.g. Johnston & McDermott, 1986, Expts. 1,2,3 and 4). Richardson 
(1987) demonstrated tha t the rhyme/homophone d is t in c t io n  is  the c r i t i c a l  one, 
by te s t in g  both rhyme and pseudohomophone judgement w ith in  one experiment,
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thus keeping the procedure constant fo r  both tasks. He found no suppression 
e f f e c t  for pseudohomophone judgement but a s ig n if ic a n t  e f f e c t  fo r  rhyme 
judgement.
The a r t i c u la to ry  suppression  technique has so fa r  no t been used with deaf 
su b jec ts  in such tasks ,  although Dodd (1980) used approximately th i s  technique 
in a STM experiment, presuming i t  to demonstrate phonological coding (see 
sec tio n  5.1.2). I t  would appear, however, to be a u se fu l  technique for 
in v es t ig a t in g  a r t i c u la to ry  processes as  an explanation of profoundly deaf 
ch ild ren 's  performance in making phonological judgements of p r in t .  Whereas 
hearing  sub jec ts  c lea r ly  do not use a r t i c u la to ry  coding in pseudohomophone 
judgement, p re lingua lly  profoundly deaf sub jec ts  may be re ly ing  on th is  
mechanism.
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5.3 Phonogical versus vlsemic coding in lipreading
L i t t l e  is known about the form in which lipread speech is  coded, but pas t 
e f f o r t s  to widen our understanding of the process in deaf and hearing 
individuals w ill be described below.
5.3.1 Recency and suffix effects in serial recall
If su b jec ts  a re  presented with a v isua l  (printed) sequence of d ig i t s  in a STM 
task, they w ill tend to re c a l l  items from the beginning of the l i s t  more 
accura te ly  than la te r  items; th is  is  known as the primacy e f f e c t  (e.g. Postman 
& Ph ill ip s ,  1965). If the l i s t  is p resented  in aud ito ry  form, sub jec ts  also 
re c a l l  the f in a l  item presented with more accuracy than medial items. This is 
the aud ito ry  recency e f fe c t  (Conrad & Hull, 1968), a lso  known as the modality 
e f fe c t ,  s ince i t  applies to the aud ito ry  modality but not the v isua l modality 
(as measured by prin ted  stim uli) .  If an add itional aud ito ry  item -  a s u f f ix  -  
which does not have to be reca lled  is added to the end of the l i s t ,  auditory  
recency is  reduced or eliminated (e.g. Crowder & Morton, 1969). This is the 
s u f f ix  e f f e c t .  Since auditory  recency is unaffected by a v isu a l  (graphic) 
s u ff ix ,  Crowder & Morton proposed th a t  the most rece n tly  p resen ted  auditory  
item is rep resen ted  in an auditory  sensory memory, which they termed the 
Precategorica  1 Acoustic Store (PAS). This was a development of N eisser 's  
(1967) concept of 'echoic memory', which had been shown to hold information 
longer than v isua l memory. PAS was thus considered to be sp ec if ic  to the 
auditory  modality.
More recen tly ,  researchers  began to investiga te  the r e c a l l  of lipread l i s t s .  
The question  to be answered was whether su b jec ts '  r e c a l l  curves would show 
only primacy e f f e c ts ,  as with graphic l i s t s  (since both lipread  and graphic
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l i s t s  a re  v isual) ,  or la s t - i tem  recency and s u f f ix  e f f e c t s ,  as with auditory  
l i s t s  (since both lipread and auditory  l i s t s  involve speech perception). The 
answer was provided by Campbell & Dodd (1980), who showed a s ig n if ic a n t ly  
g r e a t e r  recency e f f e c t  fo r  lipread than graphic l i s t s ,  and no s ig n if ic a n t  
d if fe re n ce  between lipread and aud ito ry  l i s t s .  Furthermore, they demonstrated 
impairment of lipread recency by an auditory  s u f f ix ,  complementing Spoehr &
Cor in 's  (1978) finding th a t  aud ito ry  recency is reduced by a lip read  su f f ix .  
These r e s u l t s  indicated th a t  the s u f f ix  e f f e c t  is  not m odality -spec if ic  and 
suggested  th a t  seen and heard speech a t  some s ta g e  share  common processing. 
Campbell & Dodd the re fo re  re jec ted  the PAS model and proposed th a t  th e ir  
find ings  re f le c te d  e i th e r  early  in teg ra tion  of seen and heard speech, as 
sugges ted  by the McGurk E ffec t (see section  4.2), or a simple tendency for 
c h an g in g -s ta te  information to produce a recency advantage over the s t a t i c  
na tu re  of graphic s tim uli .  ( I t  should be noted here th a t  Spoehr & Corin’s 
(1978) 'auditory ' l i s t s  were in fac t au d i to ry -v isu a l ,  s ince  the su b jec ts  were 
able to watch the speaker 's  lips; Campbell & Dodd's (1980) auditory  l i s t s  were 
re layed  through headphones. Thus, Spoehr & Corin's 'cross-m odal' s u f f ix  e f f e c t  
would more accura te ly  be called 'bi-modal' and may be a simple with in-modality 
s u f f ix  e f f e c t ,  influencing the lipread element of the l i s t s . )
T esting  for recency and su f f ix  e f f e c t s  in deaf ch ild ren , Dodd, Hobson, Brasher f 
Campbell (1983) compared o ra lly -educated  congenita lly  profoundly deaf boys 
with normally hearing boys on th e i r  re c a l l  of lipread and graphic l i s t s .
G rea te r  recency was found on the lipread l i s t s  than the graphic l i s t s  for 
hearing  and deaf sub jec ts  a like, indicating th a t  the recency e f f e c t  is not 
s p e c if ic  to auditory  perception or processing. When lipread  su f f ix e s  were 
added to lipread l i s t s ,  deaf sub jec ts  showed reduced recency with a d ig i t  
s u f f ix  but no e f f e c t  when the s u f f ix  was a to n g u e - th ru s t .  (Hearing su b jec ts
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were not te s te d  on the su f f ix  task.) Since a to n g u e -th ru s t  is non­
phono logical, Dodd e t  a l .  concluded th a t  deaf sub jec ts  code phonological lipread 
s tim u li  s ep a ra te ly  from non-phonological lipread s tim uli .  McGurk & Saqi (1986) 
questioned the relevance of a to n g u e -th ru s t  to th is  experiment. They argued 
th a t ,  while i t  is  a non-phono logical,  dynamic s tim ulus, in the context of the 
experiment i t  is  also:
"non-signal, n o n -lingu is t ic ,  non-ca tegorica l and belongs to  an 
e n t i r e ly  d i f f e re n t  c lass  of s t im u li  from those p resen ted  in the 
o r ig in a l  s t im ulus  l i s t "  (p.309).
Previously, a s u f f ix  fo r  a l i s t  of d ig i t s  had always been e i th e r  an add itional 
d ig i t ,  or a word, such as the in s tru c t io n  "Recall". Thus, i t  had the same 
l in g u is t ic  s t a t u s  as the s tim uli and could e f fe c t iv e ly  become a fu r th e r  item in 
the l i s t .  A to n g u e -th ru s t  su f f ix  is  probably the n e a re s t  possib le  approxim­
a tion  to a lip read  stim ulus without a phonological component, bu t the re  is 
l i t t l e  point in using such a n o n - l in g u is t ic  su f f ix  with l i s t s  composed of 
l in g u is t ic  u n its .  I t  teaches us l i t t l e  more than would a g o lf  swing as a 
su ff ix .  I t  had already  been e s tab l ish ed  th a t  n o n - l in g u is t ic  aud ito ry  s u f f ix e s  
f a i l  to produce a su f f ix  e f fe c t  on aud ito ry  d ig i t  l i s t s  (Crowder, 1971); i t  
would the re fo re  seem unusual th a t  the v isua l equivalen t,  a to n g u e -th ru s t ,  
should warrant consideration.
To te s t  Campbell & Dodd's (1980) chang ing -s ta te  hypothesis, Dodd e t  a l. (1983) 
presented o ra lly -educated  p re lingua lly  profoundly deaf and hearing  sub jec ts  
with s t a t i c  and dynamic hand s igns . (The former were p resen ted  on s l id e s  and 
the l a t t e r  on videotape.) Meanings were assigned to each hand sign and taught 
to the su b jec ts  before te s t in g  began. Both deaf and hearing  su b jec ts  showed a 
recency e f f e c t  fo r  dynamic but not for s t a t i c  hand s ig n s ,  sugges ting  th a t  
chang ing -s ta te  information is coded d i f fe re n t ly  from s t a t i c  information.
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The changing-s ta  te  hypothesis was approached in ano ther  way by McGurk & Saqi 
<1986), who made graphic s t im u li  dynamic by using computer-genera ted d ig i t s  
which were v is ib ly  constructed on the screen as the su b jec t  watched i t .  The 
diagram below i l lu s t r a t e s  the sequence for the number 5 :
L__ l__ L__
J
This had the advantage of being d ire c t ly  comparable w ith ex is t in g  ( s ta t ic )  
graphic  d ig i t  p resen ta tion  and with lipread d ig i t s .  In th is  comparison, McGurk 
& Saqi found th a t  o ra lly -educated  p re lingually  profoundly deaf children were 
not s ig n if ic a n t ly  d i f fe re n t  from hearing  children in th e i r  r e c a l l  p a t te rn s  
o ve ra l l ;  there  was a recency e f f e c t  fo r  f in a l- i tem  r e c a l l  of lipread and 
dynamic graphic l i s t s  but not fo r  s t a t i c  graphic l i s t s .  McGurk & Saqi 
considered th e ir  r e s u l t s  in accordance with Dodd e t  a l . ' s  (1983) findings on 
moving hand signs, supporting a chang ing-s ta te  hypothesis . The use of a 
dynamic graphic procedure with the addition of a s u f f ix  has not been reported .
Although I t  cap tures  the gradual perception of the complete d ig i t ,  which is 
c h a r a c te r i s t i c  of a spoken p resen ta tion , McGurk & Saqi 's  design ignores the 
f a c t  th a t  spoken inputs also  decay during p resen ta t io n ;  to be s t r i c t l y  
comparable with spoken p resen ta tion , the design would have to be modified such 
th a t  the o u t l in e  of the d ig i t  is traced on the V.D.U. monitor, thus decaying as 
i t  p rog resses .  A s tronger  recency e f f e c t  would be p red ic ted  with th is  design. 
In fa c t ,  such a method was used by Campbell, Dodd & Brasher (1983) with 
hearing  adu lt  sub jec ts ,  but the overa ll  r e s u l t  is  no t repo rted .  Instead, they 
broke down th e ir  sample on an ad hoc bas is  into s u b je c ts  scoring  below the 
average r e c a l l  level for lipread l i s t s  (Campbell & Dodd, 1980) and those 
scoring  above th is  level. The poorer memorisers showed a s ig n if ic a n t  recency
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e f f e c t  in the dynamic graphic condition but not in the s t a t i c  graphic condition; 
the good memorisers showed no recency e f fe c t  in e i th e r  condition. (A lipread 
condition was not included.)
Independently of McGurk & Saqi (1986), Crowder (1986) published an experiment 
very s im ila r  to th e ir s ,  in which the d ig i ts  were cons truc ted  add itive ly  e i th e r  
over a 600msec in te rva l or rap id ly  (around 100msec). However, th is  study, 
using hearing  sub jec ts ,  fa i led  to find a s ig n if ic a n t  recency e f f e c t  for 
ch an g in g -s ta te  d ig i t  l i s t s ,  except when sub jec ts  were in s tru c ted  to read 
rap id ly-cons true  ted d ig i t s  aloud. Although h is  d a ta  did not support the 
ch an g in g -s ta te  hypothesis, Crowder openly acknowledged the im plications fo r  the 
PAS theory of the mounting evidence of lipread recency (and a lso  of recency 
e f f e c t s  when sub jec ts  a re  in s tru c ted  to mouth s i l e n t ly  the d ig i t s  as  they 
appear graphically  -  see Turner e t  a l. (1987) and Nairne (1988) for reviews).
Lipread s u f f ix  e f f e c t s  a re  not as c le a r -c u t  as the lipread recency e f f e c t .  One 
e a r l i e r  lipreading study using hearing sub jec ts  (Campbell & Dodd, 1982) showed 
c o n f l ic t in g  r e s u l t s ,  in th a t  a lip read  su f f ix  fa i led  to a f f e c t  lipread recency 
in the way th a t  an auditory  s u f f ix  did, causing a th ro u g h - l i s t  decrement 
instead . This s e lec t iv e  cross-m odality  e f fe c t  m i l i t a te s  ag a in s t  the equivalence 
of aud ito ry  and lipread recency. An experiment by Gathercole (1987) compared 
aud ito ry  with lipread recency and the e f fe c ts  of aud ito ry , lipread and graphic  
s u f f ix e s .  The r e s u l t s  indicated a th ro u g h - l is t  decrement for both l i s t s  with 
both aud ito ry  and lipread su f f ix e s  in comparison to the graphic s u f f ix  
condition, which showed no e f f e c t  on recency. In an ana ly s is  th a t  allowed for 
the th ro u g h - l i s t  e f fe c t ,  Gathercole found th a t  the lip read  l i s t s  showed a 
s ig n i f ic a n t  f a l l  in la s t - i te m  recency from both aud i to ry  and lipread s u f f ix e s ,  
but aud ito ry  recency was a f fec ted  only by the aud ito ry  su ff ix .  This ind ica tes
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s t r u c t u r a l  s im i la r i t i e s  between auditory  and lipread  m a te r ia ls  in STM but 
shows th a t  they are  not equivalent. Indeed, the s im i la r i t i e s  may have been 
exaggerated in th is  design, as the condition designated  ‘aud ito ry  presentation* 
was ac tu a lly  the lipread p resen ta t ion  with the addition  of the soundtrack, 
which means th a t  i t  was an au d i to ry -v isu a l  condition. (Thus, Spoehr & Cor in 's 
(1978) confounding e r ro r  was repeated .)  I t  is  th e re fo re  not su rp r is in g  if  
the re  were s im ila r  r e s u l t s  for the ‘au d i to ry ’ and lipread  l i s t s .
The l i t e r a tu r e  on lipreading in s e r i a l  r e c a l l  tasks c lea r ly  shows recency 
e f f e c t s  for lipread l i s t s ,  s im ilar  to the e f f e c t  with aud ito ry  l i s t s ,  but the 
p o s s ib i l i ty  th a t  the common link between them is th a t  they involve changing- 
s t a t e  information has received mixed evidence. The equivalence of the two 
m odalities  is a lso  unproven, p a r t ly  due to a fa i lu re  to show rec ip roca l s u f f ix  
e f f e c t s  in a l l  combinations of aud ito ry  and lipread l i s t s  and su f f ix e s ,  and 
occasionally  because of a fa i lu re  to exclude lipread information from 
pu ta t iv e ly  aud ito ry  l i s t s .
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5.3.2 Rhyme judgement in lip read ing
The argument for a b s t r a c t  phonological coding by p re lingua lly  profoundly deaf 
children is based prim arily  on the r e s u l t s  of experiments claiming to 
dem onstrate these ch ild ren 's  a b i l i ty  to de tec t  rhyme o r homophones from prin ted  
te x t  <e.g. Dodd & Hermelin 1977, described in Section 5.1.2). Since i t  could be 
argued th a t  th e ir  su b je c ts '  success a t  matching p r in ted  homophones had been 
based on previous ro te  learning of the homophone p a i rs ,  Dodd & Hermelin (1977, 
Experiment 3) presented the same sub jec ts  with spoken p a irs  of rhyming and 
non-rhyming nonwords to be lipread. Nonwords a re  by d e f in i t io n  novel, 
th e re fo re  s to red  lex ical information about th e i r  phonology is not ava i lab le  to 
the l ip reader; the deaf child could be taught th a t  house  sounds like mouse, but 
i t  would be impossible to learn by ro te  which nonwords rhyme with each o ther.  
In th is  lipreading experiment, e igh t of the word p a i rs  presented  were rhymes 
(e.g. kwarn-sparn') and e igh t were controls  (e.g. huk-sp id). The children  were 
in s tru c ted  to judge, a f t e r  each pa ir  was spoken, whether the two words rhymed 
or not. The deaf su b jec ts  were reasonably good a t  th i s  task: they could 
d is t in g u ish  rhymes from non-rhymes with b e t te r - th a n -c h an ce  accuracy, scoring  
an average of 12 out of a possib le  16 correc t responses . Analysis revea led  
th a t  they were b e t te r  a t  words th a t  are easy to  lipread. Dodd & Hermelin's 
(1977) conclusion was th a t  th is  experiment showed th a t  lipreading provides the 
deaf with phonological information.
In the f in a l  experiment of th e i r  se r ie s ,  Dodd & Hermelin (1977, Experiment 4) 
in v es t ig a ted  whether the su b je c ts '  a b i l i ty  in the homophone matching task  was 
re la te d  to the ease of lipreading the homophone s t im u li .  The same s u b je c ts  
had 18 w rit ten  words, one from each of the homophone pa irs ,  placed before  
them. They were in s tru c ted  to point to the word spoken by the experim enter. 
All 18 words were spoken, followed by the same task  with the 18 corresponding
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homophones. Comparing the 9 h a rd e s t - to - l ip re a d  homophones (containing only
one (nonlabial) consonant, e.g. key-quay) with the 9 e a s ie s t - to - l i p r e a d
homophones (containing two consonants and/or lab ia l  consonants, e.g. curb-kerb),
sub jec ts  were found to be s ig n if ic a n t ly  b e t t e r  a t  iden tify ing  e a s y - to - l ip re a d
words than h a rd - to - l ip re a d  words. This comparison was then applied to the
e r ro r  scores  in Experiment 1 (homophone matching) and s im ila r ly ,  i t  was found
th a t  s ig n if ic a n t ly  more homophone matching e r ro r s  were made on h a rd - to - l ip re a d
p a irs  than on e a sy - to - l ip re a d  pa irs .  Dodd & Hermelin (1977) concluded tha t;
"the profoundly deaf sub jec ts  te s te d  were prim arily  dependent on 
a v isua l input from lipreading to gain phonological information 
which allowed them to match homophones and iden tify  rhymes" (p.416).
Ten years  la te r ,  Dodd's in te rp re ta t io n  was the same;
"...the evidence presented leads to the conclusion th a t  p re lingua lly  
profoundly deaf children can use lipread speech to derive  a phonological 
code th a t  allows the acqu is i t ion  of s k i l l s  previously  thought to be 
c ruc ia l ly  dependent upon hearing" (Dodd (1987), p.188).
The problem with th is  in te rp re ta t io n  is th a t  i t  makes the assumption th a t
identify ing  p r in ted  homophones or spoken rhymes a t  a g rea te r- th an -ch a n ce  level
involves phonological coding. S tra tegy  e f f e c t s  from graphemic s im i la r i t i e s  in
Dodd & Hermelin's p rin ted  homophones have a lready been demonstrated by Saqi
(1984) (see sec tion  5.1.2). Rhyme judgement of lipread nonword p a i rs  was shown
by Dodd & Hermelin themselves to be dependent on lipread s im ila r i ty ;  th is  could
the re fo re  be ind icative  of viseraic coding, th a t  is, pa tte rn-m atch ing  of lip
shapes, r a th e r  than any recoding beyond th is  in to  an a b s t r a c t  phonological
rep resen ta t ion .  This p o ss ib i l i ty  req u ire s  fu r th e r  considera tion  and w ill  be
discussed in Chapter 6.
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5.4 Summary
Research into phonological coding in deaf sub jec ts  has been hampered by a 
re luc tance  to define the process under investiga tion . The usual de f in i t ion ,  
r e f e r r in g  to  knowledge of the sounds of the language, has been s tre tch ed  to 
accommodate some a b s tra c t  awareness of speech sounds derived, in the absence 
of aud ition , from lipread information (e.g. Dodd, 1987). An a l te rn a t iv e  view is 
th a t  profoundly deaf individuals gain phonological awareness through th e ir  own 
a r t i c u la t io n  and possibly through the orthography of the language (e.g. Hanson, 
1989). The l a t t e r  suggestion seems most remote from the o r ig in a l  concept of 
phonological coding, given th a t  English orthography is  no t p a r t ic u la r ly  
phonetic. Since the study of phonology addresses the production as well as 
the perception  of speech sounds, an element of a r t i c u la to ry  coding appears 
reasonable  in de f in i t ions  of normal phonological coding, but if  the deaf code 
is  found to be mostly a r t ic u la to ry ,  then i t  should be called  an a r t i c u la to ry  
code.
Early s tu d ie s  of deaf su b jec ts '  f luen t reading sugges ted  th a t  they did not 
mediate p r in t  with speech; indeed, la te r  evidence sugges ted  th a t  even hearing 
su b jec ts  use morphological information instead in f lu e n t  reading. Word 
recognition  s tu d ie s  proved to be more informative about phonological coding. 
Although orthographic coding is  involved in these ta sk s  for hearing sub jec ts ,  
phonological coding is s trong ly  evident. For h igh ly-educated  deaf s tu d en ts ,  
phonological awareness is evident but not ubiquitous. In d i re c t  tasks  of rhyme 
judgement, these  deaf s tu d en ts  make many e r ro rs  and younger deaf children show 
marked orthographic coding, p a r t ic u la r ly  when th e ir  language s k i l l s  (reading, 
speech and lipreading) are  poor.
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The few experiments th a t  have used lipread s tim u li  have focused on the s e r ia l  
r e c a l l  paradigm. These indicate th a t  lipreading shares  some s t r u c tu r a l  
s im i la r i ty  with audition  in STM but con fl ic t ing  r e s u l t s  and methodological 
problems weaken arguments for the equivalence of lipread ing and aud ition  in a 
common phonological code.
Deaf su b jec ts '  use of lip read  s im i la r i t ie s  to make rhyme or homophony 
judgements does ind icate  an awareness of speech p a t te rn s ,  but to  assume th a t  
th is  type of evidence is necessary  and s u f f ic ie n t  to show th a t  both hearing 
and profoundly deaf sub jec ts  code phonological s t im u li  in the same, a b s t ra c t  
manner is unwarranted. Lipreading provides a v isua l  p a t te rn  of speech which 
may or may not be recoded into another modality. The p o s s ib i l i ty  th a t  
lipreading is a purely v isua l process has been s tran g e ly  overlooked.
Given the importance of lipread ing in o ra l education for deaf children, i t  is 
su rp r is in g  th a t  i t  has received such cursory  a t te n t io n  in the s tudy of 
language coding in deaf individuals while rece iv ing  increasing a t te n t io n  in the 
s tudy of memory processes and speech perception  in hearing populations.
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Chapter 6; THE PRESENT INVESTIGATION
Much of the previous research  on language processing by ora lly -educated  deaf 
children has focused on th e ir  awareness of phonological c o n t ra s t s  in prin ted  
m a te r ia ls .  There have occasionally been methodological e r ro r s  in th is  research  
and i t  would appear th a t  what l i t t l e  research  e x i s t s  on deaf ch ildren 's  
processing of lipread m ateria ls  may s u f f e r  from s im ila r  e r ro r s .  That is  to 
say, graphemic s im i la r i t ie s  in p r in ted  homophone p a i rs  can explain profoundly 
deaf ch ild ren 's  bet te r- than-chance  performance on a homophone re c a l l  task; i t  
is th e re fo re  possib le , but so fa r  no t investigated , th a t  the same children 's  
a b i l i ty  in lipread ing tasks is  a t t r ib u ta b le  to v isua l ly -based  s t r a t e g ie s .  For 
example, in a lipread ing task involving the matching of rhyming nonwords, the 
hypothesised v isua l s t ra te g y  would be one of matching lip read  s im i la r i t ie s  in 
the word pa irs .  Unless th is  possib le  s t ra te g y  is ru led  out, we cannot 
confidently  claim tha t deaf children a b s t ra c t  phonology from a lipread input.
If deaf children  do show evidence of using a lipread p a t  tern-m atch  ing s t ra te g y  
in th is  experimental s i tu a t io n ,  in te re s t in g  questions  a r i s e  about th e ir  
in te rn a l i sa t io n  of lipread p a t te rn s  (visemic coding). Does visemic coding occur 
in the processing of o ther l in g u is t ic  m ateria ls ,  such as p ic tu re s  rep resen ting  
words ? Does the w ritten  output of deaf children r e f l e c t  viseraic coding to 
some ex ten t  ?
The experiments to be described in th is  th e s is  have used words ra th e r  than 
sentences as s tim u li ,  to overcome problems of context. For example, Corcoran's 
(1966) proofreading paradigm was found to be more inform ative about 
morphological processing than about su b jec ts '  'acous tic  image' of the tex t,  
because su b jec ts  were influenced by the grammatical con tex t of words in
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sen tences .  In lipread ing te s t s ,  context has been shown to be of g rea t  
importance to lip readers ,  p a r t ic u la r ly  to those with good sy n th e t ic  s k i l l s .  
Judgements of rhyme and homophony using word p a irs  remove context from the 
task  and a re  the re fo re  a more s t r in g e n t  t e s t  of phonological coding because 
they i s o la te  th is  mechanism from syn the t ic  s k i l l s .  P ic tu res  remove even the 
verbal context, leaving the sub jec t to access the re le v an t words in ways th a t  
can r e f l e c t  the use of a visemic, graphemic or a b s t r a c t  phonological code, i f  
m a te r ia ls  a re  ca re fu lly  chosen. Detailed desc r ip t ions  of the ra t io n a le  fo r  the 
s e lec t io n  of s tim u li  w ill  be provided in the Method sec tion  of each experiment.
I t  has been argued (Dodd & Hermelin, 1977) th a t  nonwords provide the ideal 
c o n te x t- f re e  m a teria ls  because deaf sub jec ts  cannot have learned by ro te  which 
nonwords rhyme with each other. While th is  is t rue ,  there  are  d isadvantages 
with the use of nonwords in experimental designs. For example, they are  o ften  
so unlike r e a l  words th a t  one must wonder if  they are  coded in the same 
manner. Furthermore, in t e s t s  using prin ted  nonwords, th e i r  orthography must 
always be regu la r  in o rder th a t  the reader should access the intended 
pronunciation (although even then, reading by analogy might access an i r re g u la r  
pronunciation); in lip read  ing te s t s ,  the orthographic rep re sen ta t io n  is 
unspecified  and i t  is  the re fo re  impossible to measure whether the su b jec t  was 
making a rhyme judgement on the bas is  of viseme-to-grapheme conversion (or, 
indeed, whether the non words were mistakenly lip read  as r e a l  words). With 
real-w ord  s tim uli ,  however, orthographic s im i la r i ty  can be measured. Of course, 
rea l-w ord  s tim u li  are  e s s e n t ia l  for experiments using p ic tu res ,  s ince  nonwords 
cannot be depicted. In the study of visemic coding, the advantage of a n e u t ra l  
modality of p resen ta t ion  with p ic tu re  s t im uli  outweighs the d isadvantage of 
lex ica l knowledge bias from the use of r e a l  words ins tead  of nonwords.
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The th e s is  to be explored here is th a t  p re lingually  profoundly deaf children 
and ado lescen ts  from o ra l education environments iden tify  lipread rhymes purely 
by v isu a l  judgement, using a lip read  pat tern-match ing s t ra te g y .  I t  w ill be 
argued th a t  these  children do not code language by i t s  sounds, as do hearing 
children . The argument th a t  deaf children a b s t r a c t  phonology from a lipread 
input goes beyond the evidence from ex is t ing  rhyme judgement experiments.
Although some researche rs  emphasise tha t phonological coding is a b s t ra c t  and 
th e re fo re  not d irec tly  linked to speech sounds, the fa c t  remains th a t  even the 
s tudy of a r t i c u la to ry  phonology is  concerned with the phonetic c o n tra s ts  (i.e. 
speech sounds) a child is able to produce. Regardless of the position  of the 
a r t i c u la to r s ,  the c r i t i c a l  fac to r  is whether the c h i ld 's  a r t ic u la to ry  g e s tu re s  
r e s u l t  in the production of a speech sound which f a l l s  w ithin the intended 
(auditory) phoneme boundaries. The a b i l i ty  to achieve the desired  phoneme 
d is t in c t io n  desp ite  a r t i c u la to ry  v a r ia b i l i ty  is an ind ication  th a t  the c e n t ra l  
f e a tu re  of a phonological code must be i t s  aud ito ry  r e a l i s a t io n .  In the case 
of p re lingua l profound deafness, th is  cen tra l  f e a tu re  is  absent and speech 
in t e l l ig ib i l i t y  is  noticeably a f fec ted .  Speech t ra in in g  can help the deaf child  
to use k in aes th e tic  (a r t icu la to ry )  feedback as a guide to phoneme production, 
but th is  need not lead to an a b s t r a c t  phonological code resemblimg th a t  of 
hearing individuals; i t  may simply be an a r t i c u la to ry  code.
I t  remains to be seen whether the language coding mechanism of deaf ch ildren  
is based d i re c t ly  on lipread ing, on the a l te rn a t iv e  v isu a l  input of orthography, 
or on the ch ild ren 's  own a r t ic u la t io n .  These p o s s i b i l i t i e s  w ill be explored in 
th is  th e s is  through the use of lipread s tim uli,  p ic tu re  s tim u li ,  the 
a r t i c u la to ry  suppression technique and spe ll ing  e r ro r  ana lysis .
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Chapter 7: LIPREAD ING RHYMES (NONWORDS)
Experiment i: REPLICATION OF DODD & HERMELIN (1977)
7.1 Objectives
These experiments aim to in v e s t ig a te  a possible s t r a t e g y  e f fe c t  in Dodd & 
Hermelin‘s  (1977) lipread ing experiment (Expt. 3). Saqi (1984) exposed 
methodological flaws in Dodd & Hermelin's (1977) p r in ted  homophone experiment 
(Expt.l) and i t  would appear th a t  th e i r  lipread ing experiment is  flawed in a 
s im ila r  way, in tha t there  is again  no control for v isu a l  s im ila r i ty  of the 
rhymes used. Since th is  was a lipread ing experiment, i t  may have been possib le  
for the su b jec ts  to make p u ta t iv e  rhyme judgements so le ly  by assess ing  the 
visemic s im ila r i ty  of the words in each pair. That is to say, they may have 
been judging the words on lipread  s im ila r i ty  w ithout even understanding the 
concept of rhyme. If th is  is the case, then i t  would be a se r ious  over­
s ta tem ent to claim, f i r s t l y ,  th a t  p re lingually  profoundly deaf children code 
speech phonologically and, secondly, th a t  phonological coding is non-modality- 
spec if ic .
In Dodd & Hermelin’s (1977) lip read  ing experiment (Expt. 3), they observed th a t  
su b jec ts  made most e r ro rs  on rhymes in which the f in a l  consonant was in a 
non -lab ia l  place of a r t ic u la t io n  (i.e. a lveolar ( / t ,d ,n , l , r / )  or velar (/k,g/) 
consonants, produced inside the o ra l  cavity and th e re fo re  hard to lipread). The 
le a s t  e r ro r s  were made on those words ending with a b i la b ia l  (/p.b,m/) or 
labiodenta l ( /f ,v /)  consonant, which are  more ea s i ly  v is ib le  to a lipreader. 
Furthermore, if  a non-rhyme p a ir  shared the same genera l  place of a r t i c u la t io n  
of th e i r  f in a l  consonants, the re  was a tendency to fa ls e ly  in te rp re t  them as 
rhyming. Dodd (1987) explains th is  phenomenon by su g g es tin g  th a t  the
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pre lingually  profoundly deaf sub jec ts  were using lipread  information to 
genera te  a phonological code to iden tify  rhymes. An a l te rn a t iv e  hypothesis is 
th a t  lipread ing is  associa ted  with v isua l encoding, involving viseme matching 
and possibly a r t ic u la to ry  proprioception.
I t  w il l  be argued here th a t  Dodd & Hermelin's (1977) lipread ing experiment does 
not demonstrate th a t  p re lingually  profoundly deaf children code words
phono logically . I t  does show the a b i l i ty  of these  children to s u b s t i tu t e  v isua l
fo r  aud ito ry  information, but i t  cannot be assumed th a t  phonological coding is 
involved. Ju s t  as there  are  lex ical clues to w r i t ten  rhymes and homophones, 
viseme information can act as a v isua l guide to spoken rhymes, allowing a deaf 
l ip reader  to make a co rrec t  rhyme judgement w ithout phonological mediation 
taking place. I t  is conceivable th a t  p re lingually  profoundly deaf individuals 
code a l l  verbal input as  a s to red  record of lip p a t te rn s ,  without fu r th e r
conversion into a code intim ately re la te d  to the aud ito ry  sense. This would be
comparable to a congenitally  blind person 's  cognitive map of a loca li ty  being 
s to red  as a s e r ie s  of verbal d irec tio n s  r a th e r  than a mental p ic tu re .
It  remains an unproven assumption tha t lipread ing f a c i l i t a t e s  phonological 
coding in p re lingually  profoundly deaf children. In o rder to accept th is  
hypothesis i t  w ill f i r s t  be necessary  to confirm th a t  p re lingually  deaf 
su b jec ts  can indeed iso la te  rhymes from non-rhymes in a lipread ing t e s t  and, 
second, to show th a t  they can d is t ingu ish  rhymes from non-rhymes regard  less  of 
viseraic s im i la r i ty  when lipread ing. A f i r s t  s tep ,  th e re fo re ,  is a re p l ic a t io n  of 
Dodd & Hermelin's (1977) lipread ing experiment (Expt. 3), extended to include 
hearing  and p re lingually  severely  deaf sub jec ts  as comparison groups fo r  the 
p re lingua lly  profoundly deaf sub jec ts .
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7.2 Subjects and method
7.2.1 Subjects
Twenty-two p re lingua lly  profoundly deaf children p a r t ic ip a te d  in the 
experiment, bu t one was excluded from the ana lysis  fo r  reasons s t a t e d  in 
sec tion  7.2.4. The f in a l  sample of twenty-one had a mean age of 15.1 
<S.D.=3.5). Their in te ll igence  was within the normal range, according to 
teachers '  re p o r ts .  B e t te r  ea r  mean hearing loss, as  measured by pure tone
audiometry, ranged from 81 dB ISO to 109 dB ISO, with a sample mean of 96,9 dB
ISO. All su b jec ts  had become deaf before the acqu is i t ion  of language, i.e. 
before one year  of age. There were eleven boys and ten g i r l s  in the sample. 
Fourteen of the sub jec ts  a ttended  a s t a t e  grammar school fo r  the deaf in SE 
England, which follows a s t r i c t l y  ora l i s t  t rad i t io n ,  and seven were rec ru i ted  in 
u n i ts  for the hear ing-impaired (H.I.U.s) a ttached  to th ree  Surrey jun io r  and 
middle schools. The H.I.U.s were ora l i s t .
A fu r th e r  sample of nine p re lingually  severely  deaf ch ildren  was te s te d  for 
comparison. There were five boys and four g i r l s ,  mean age 13.7 <S.D.=2.6), with
b e t te r  ea r  average hearing losses between 66 and 78 dB ISO, and normal
in te ll igence , according to th e i r  teachers . These were r e c ru i te d  in H.I.U.s in 
th ree  Surrey junior and middle schools and one secodary school, ap a r t  from two 
who attended the grammar school for the deaf mentioned above.
Twenty-eight hearing sub jec ts ,  twelve boys and s ix teen  g i r l s  with a mean age 
of 12.32 (S.D.=0.7) formed the contro l group. Their hearing  and vision  (or 
corrected  v ision) was normal and th e ir  in te ll igence  was repo rted  by th e ir  
teachers  to be within the normal range. The hearing su b jec ts  were re c ru i te d  
from two Surrey middle schools. An age-matched con tro l sample was o r ig in a lly
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considered, but since i t  is well es tab lished  th a t  the l in g u is t ic  s k i l l s  of 
profoundly deaf school leavers a re  equivalent to those of much younger hearing 
ch ildren  (Conrad 1979), a younger hearing sample was more appropria te  than 
age-matched sub jec ts .  Since the experimental m a te r ia ls  a re  lipread nonsense 
words, matching for reading age would not have been appropria te ; nor would I.Q. 
matching, s ince  th is  has never been con s is ten tly  shown to co rre la te  with 
lip read  ing a b i l i ty  (Je ffe rs  & Barley 1971).
7.2.2 Materials
Dodd & Hermelin's s ix teen  nonsense word pa irs  (e igh t rhyming and e igh t  non­
rhyming p a irs )  were used. These are  l is ted  in Table 7.1. The d e f in i t io n  of 
rhyme used by Dodd & Hermelin (1977) was words in which there  is "consonance 
o f  term inal sounds" (Shorter Oxford English D ictionary, p .1733).
Table 7.1: Nonword pairs (Dodd & Hermelin, 1977)
RHYMES NON-RHYMES
mib -  dib yemet -  dumil
h if  -  z i f  kef -  plaf
gaf -  ta f  vurap -  maf
kwarn -  sparn blep -  veg
vust -  nus t ’ kend -  pref
yin -  min nid -  geb
pembal -  fembal gred -  zam
wek -  lek huk -  spid
I t  was decided to p resen t the nonsense word p a i rs  as  a video ra th e r  than a 
live p resen ta t ion  (as in Dodd & Hermelin's s tudy), to  maintain an equ iva len t 
de livery  to each subject.  This is p a r t icu la r ly  important when sub jec ts  a re  
te s te d  individually in d i f f e re n t  schools (as in th i s  case) and v a r ia b i l i ty  of 
t e s t in g  conditions should be kept to a minimum.
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7.2.3 Video
A VHS video recording was made using a Panasonic A2 video camera. The female 
speaker was shown fu l l - fa c e ,  head and shoulders  only, and l i t  by two ce iling  
r e f le c te d  f lood ligh ts .  The camera's white balance was ad justed  fo r  f lesh  tones. 
The speaker had a neu t ra  1/Sou them  English accent and spoke each word p a ir  
with the same intonation (r is ing  on the f i r s t  word then fa l l in g  on the second 
word). The o r ig in a l  recording was ed ited  such th a t  the speaker 's  face was 
v is ib le  from one second before she sa id  a word p a i r  u n t i l  two seconds a f t e r  
the p a ir  was spoken. Following th is ,  a red  screen appeared for e ig h t  seconds. 
The next t r i a l  number was superimposed on to the red screen for th ree  seconds 
and disappeared one second before the speaker 's  face reappeared. At the 
beginning of the film the red screen was shown for twenty seconds and a t i t l e  
( 'Lipreading Experiment') added for ten seconds before the f i r s t  t r i a l  number. 
Four p rac t ice  t r i a l s  were recorded, using Dodd & Hermelin's (1977) example 
pa irs ,  'dî t ,  roop' and 'gat,  lat ' ,  plus two ad d itiona l pa irs  to cover d isy llab ic  
s tim u li .  These were: ' fulda,  demik' and 'babin, mabin'.
The soundtrack was omitted from the f in a l  copy of the recording. Word pa irs  
were recorded in random order, and the same film was shown to a l l  sub jec ts .
7.2.4 Procedure
The recording was played to sub jec ts  in a q u ie t  room in th e i r  school. Children 
under s ix teen  years  were te s ted  individually; o lder children were te s te d  in 
small groups in a video room.
Subjects were given w rit ten  in s truc tions ,  incorporating an explanation  of the 
concept of rhyme (with examples) and exerc ises  to t e s t  the ch ild ren 's  
understanding of the concept. Children who were s t i l l  confused were given 
more p rac t ice  a t  recognising and producing rhyming words (on paper) before
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beginning the te s t .  If su b jec ts  asked fo r  a verbal d e f in i t io n  of rhyme, they 
were to ld  th a t  i t  re fe rred  to "words th a t  have the same sound a t  the end".
The in s tru c t io n s  were as follows:
INSTRUCTIONS
This experiment is about lip read  ing rhyme. We o ften  find rhyme in songs and 
poems. Here a re  some examples:-
'Mary, Mary, q u i te  co n tra ry '
'L i t t le  Bo Peep has lo s t  her sheep '
'Frogs and sn a i l s  and puppy dogs t a i l s '
Can you think of two words th a t  rhyme, like 'PEEP, SHEEP' o r  'SNAILS, TAILS' ?
( An example of two words th a t  do NOT rhyme is: 'PEEP, PIPE'
-  because they do not f in ish  with the same sound. )
Write a word th a t  rhymes with 'CAT': 
Now a word th a t  rhymes with 'COOK':
In the t e s t  th a t  follows, you have to spot words th a t  rhyme and words tha t do 
not rhyme.
You w ill  see  a woman on th is  film s i le n t ly  saying p a irs  of words, like "Bag, 
rag" or "line, pot". If you think the two words rhymed < like "Bag, rag" ), 
c i rc le  the *R' fo r  th a t  t r i a l  (see answer sheet) .  But if  you think they did not 
rhyme ( like "line, pot" ), c i rc le  the ' -  ' under 'non-rhyme'.
Then, i f  the t r i a l  was easy for you, c i rc le  the number '1' under 'easy' ; if  you 
are  not ce r ta in  tha t you are  r ig h t ,  c i rc le  the '2' under 'not su re ';  or, if  you 
had to guess whether the words rhymed or not, c i rc le  the '3' under 'guessed'.
Now watch closely  the four p rac t ice  t r i a l s .  I w ill show you the answer to the 
f i r s t  t r i a l ,  then you mark your answers to t r i a l s  2, 3 and 4.
One very profoundly deaf 8 -yea r-o ld  boy in i t ia l ly  wrote TAIL as a rhyme for 
CAT and although he produced co rrec t  w rit ten  rhymes a f t e r  fu r th e r  exerc ises  
and explanation, he could not be included as a sub jec t because he apparently  
found i t  meaningless to lipread fo r  rhyme from the videotape. Several of the
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younger profoundly deaf sub jec ts  in i t ia l ly  produced a l l i t e r a t i o n  r a th e r  than 
rhyme, (e.g. CAR in response to CAT) or e lse  word assoc ia t ion  (CAT -  DOG;
CAT -  MOUSE), but with fu r th e r  p ractice  a l l  could produce w rit ten  rhymes. 
Generally, hearing su b jec ts  and the older deaf su b jec ts  found no d i f f i c u l ty  
producing w rit ten  rhymes, although one 16-year-o ld  profoundly deaf g i r l  wrote 
CAST as a rhyme fo r  CAT and a 17-year-old supplied  BAD -  BORED as a rhyming 
p a ir  before  w riting  co rrec t  rhymes for CAT and COOK. All o ther  w r it ten  rhymes 
were co rrec t ,  but i t  should be noted tha t they were a lso  orthographica 1 ly 
congruent (BAT, HAT, MAT, RAT, FAT; BOOK, LOOK, TOOK, HOOK, ROOK).
There were four p rac t ice  t r i a l s  a t  the s t a r t  of the video. Repetit ions of 
p rac t ice  t r i a l s  were perm itted  if  sub jec ts  were unsure of th e ir  response but 
during the experimental t r i a l s  sub jects  were encouraged to guess r a th e r  than 
see a word pair  again. A re p e t i t io n  was allowed if  the su b jec t 's  a t te n t io n  had 
been d iverted  during a t r i a l .  Subjects were in s tru c ted  to decide a f t e r  each 
t r i a l  whether the two words rhymed or did not rhyme; id e n t if ica t io n  of the 
words themselves was not required. Subjects were told  th a t  the words might be 
re a l  words or nonsense words. Some sub jec ts  spontaneously im itated the 
nonsense words aloud or subvocally while they considered th e ir  response but, 
following Dodd & Hermelin (1977), th is  was not s p e c if ic a l ly  monitored.
Failu re  to respond in the e igh t seconds given was counted as an e r ro r .
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7.3 A nalysis
Dodd & Hermelin's sample achieved a mean co rrec t  score  of 12 and a range of 7 
to  16 co rrec t  rhyme judgements out of the s ix teen  t r i a l s .  Comparing th is  
f ig u re  with a hypothe tica l mean of 8 co rrec t i f  su b jec ts  had used guesswork 
alone, they conducted an Unrelated Samples t - t e s t  on these data and obtained a 
h ighly s ig n if ic a n t  t-v a lu e  of 5.93, df=24, p<.001. A s t r i c t l y  more appropria te  
t e s t  would be the One-sample t - t e s t  -  a t - t e s t  designed sp ec if ica l ly  to 
compare a sample mean with a nu ll  mean. I t  is no t possib le  to conduct th is  
t e s t  on Dodd & Hermelin's data  s ince  d e ta i ls  of raw scores  or variance data  are  
not ava ilab le .  However, th e i r  sample mean and range are  very s im ila r  to  those 
obtained in th is  rep lica t io n ,  so i t  is assumed th a t  th e i r  r e s u l t s  do show a 
s t a t i s t i c a l l y  s ig n if ic a n t  a b i l i ty  amongst the profoundly deaf to d iscrim inate  
lipread  rhymes from non-rhymes.
Table 7.2: Replication r e s u l t s
HEARING
CONTROL
SEVERELY
DEAF
PROFOUNDLY
DEAF
Dodd &
Hermelin (1977)
<n=28) (n=9) (n=21) (n= 13)
Mean age 12.3 13.7 15.1 13.2
Mean co rrec t score: 10.3 12.7 12.1 12
S.D. 1.9 1.7 2.2 n.a.
Range: 6-14 10-15 7-15 7-16
t - s t a t i s t i c : 6.5 8.1 8.5 5.9+
degrees of freedom: 27 8 20 12
Significance: p < .0001 .0001 .0001 .001
^Unrelated Samples t
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One-sample t - t e s t s ,  conducted on th is  rep lica t io n  data  only, showed highly 
s ig n if ic a n t  above-chance scores for a l l  samples, as shown in Table 7.2.
(N.B. The absence of raw score data  fo r  Dodd & Hermelin's sample n ecess i ta ted  
i t s  exclusion from the comparative analyses th a t  follow.)
Because the th ree  samples were of d i f f e re n t  s iz e s ,  a Kruskal-Wallis one-way 
ana lysis  of variance was used to compare th e ir  scores . I t  showed th a t  the 
d iffe rence  between the scores of the severely  and profoundly deaf samples and 
the hearing sample was s ig n if ican t  (KW=12.2, df=2, p<0.01). Reference to Table
7.2 shows th a t  the hearing sample scored lower than the two deaf samples. In 
o the r  words, the deaf sub jects  were b e t t e r  l ip readers  than the hearing 
ch i Idren.
This finding c o n t ra s t s  with previous research  indicating th a t  inexperienced 
hearing people lipread as well as, or b e t te r  than, the deaf (Clouser 1977; 
Conrad 1977; Dodd 1980; Pelson & P ra ther  1974). However, a t  le a s t  one 
re searche r  has found th a t  hearing su b jec ts  were worse l ip read ers  than the deaf 
(Erber 1971). I t  is  possible th a t  the s u p e r io r i ty  of the deaf sub jec ts  in th is  
s tudy was an a r t e f a c t  of the age d iffe rences  in the samples (Kolmogorov- 
Smirnov t e s t  on 28 deaf vs 28 hearing; KD=18, N=28, p<0.01). Accordingly, the 
nine severely  deaf sub jec ts  (mean age 13.7) were age-matched with nine hearing 
sub jec ts  and nine profoundly deaf sub jec ts  and th e i r  sco res  in the lipreading 
t e s t  were compared in a parametric one-way ana ly s is  of variance. The r e s u l t s  
a re  shown in Table 7.3.
-1 0 8 -
Table 7.3: Mean co rrec t score: comparison of s e lec ted  age-matched sub jec ts
Mean age
Mean score  </16)
Sample
Hearing
(n=9)
Severely
deaf
(n=9)
Profoundly
deaf
(n=9)
One-way ANOVA
12.6 13.7 13,9 F (2,24)= 0.9 
( N.S.)
10.1 12.7 11.0 F (2,24)= 3.5
< p<0.05 )
Tukey’s  Honestly S ign if ican t D ifference <HSD> post hoc t e s t s  revealed th a t  the 
severe ly  deaf sub jec ts  scored s ig n if ic a n t ly  higher than the hearing group 
<HSD=2.46, cx=0.05), indicating th a t  th is  group was more s k i l le d  a t  the task than 
age-matched hearing con tro ls .  However, the profoundly deaf group was not 
s ig n if ic a n t ly  d i f fe re n t  from e i th e r  of the o ther two age-matched groups. This 
ind ica tes  th a t  i t  was the severe ly  deaf sample in p a r t i c u la r  which was b e t t e r  
a t  the lipread ing task; when age was allowed for, the profoundly deaf and 
hearing samples showed s im ila r  performance.
A comparison of younger with o lder deaf sub jec ts  from the two deaf samples 
combined revealed tha t,  when ten deaf sub jec ts  aged 8-13 years  were c losely  
matched fo r  dB hearing loss with ten deaf sub jec ts  aged 14-19 years, the o lder  
group showed s ig n if ican t ly  h igher scores  (mean score=13, S.D. 1.6, compared to 
mean=10.7, S.D. 2.4) in a m atched-pairs t - t e s t  (t=3.023, df=9, 1 - ta iled  p<0.01). 
Thus, when level of deafness is  contro lled  for, age is  a s ig n if ic a n t  fa c to r  in 
performance on th is  t e s t  by deaf sub jec ts .  Adolescent deaf sub jec ts  score 
b e t t e r  than younger deaf su b jec ts .  This f i t s  in with previous work showing a 
developmental trend for lipread ing to improve with age (Massaro e t  a l  1986).
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Thus fa r ,  the re  Is no evidence th a t  phonological awareness is  c r i t i c a l  to th is  
-task. Success a t  l ip read  ing fo r  words th a t  "sound the same a t  the end" might 
come from d isregard ing  the word "sound" (possibly d i f f i c u l t  to understand for 
many profoundly deaf) and focusing on the more fam ilia r  word "same". In th is  
way, the deaf sub jec t might employ a patte rn -m atch ing  s t ra te g y ,  making a 
v isu a l  comparison of the speakers ' l ip  movements fo r  s im i la r i ty  within each 
word pair.  This v isua l ,  non-phono logical s t r a t e g y  may s u f f ic e  fo r  th is  task, 
even fo r  a hearing sub jec t .  Dodd & Hermelin's experimental design does not 
exclude th is  p o s s ib i l i ty  and, indeed, the following e r ro r  ana ly s is  su g g es ts  th a t  
th is  v isual awareness may be the s ig n if ic a n t  fac to r .
7.3.1 Error analysis
Following Dodd & Hermelin's procedure, the e r ro rs  made by sub jec ts  were 
analysed according to which word pa irs  were a ssoc ia ted  with the most e r ro rs .  
The words were ca tegorised  by the place of a r t i c u la t io n  of the f in a l  consonant; 
the non-rhyming p a i rs  were divided into those which shared the same place of 
a r t i c u la t io n  and those which had d if fe r in g  p laces of a r t ic u la t io n ,  while the 
rhyming p a irs  were c la s s i f ie d  as b ilab ia  1/labiodenta  1, a lveo la r  or ve la r  in 
th e i r  shared f in a l  consonants. Dodd & Hermelin p red ic ted  th a t  when lipread ing 
fo r  rhyme, the frequency of e r ro rs  for any word p a ir  would be re la te d  to the 
v isua l d is t in c t iv e n e ss  of the f in a l  consonants of th a t  pa ir .  Within each 
c la s s i f ic a t io n ,  the number of word p a irs  was m ultip lied  by the number of 
sub jec ts  to give to ta l  number of t r i a l s .  The number of e r ro r s  in each sample 
was then expressed as a percentage of the number of t r i a l s  in th a t  sample.
A summary of the e r ro r  percentages for the comparison groups used in th is  
r ep lica t io n ,  and for Dodd & Hermelin's sample of profoundly deaf children, are  
shown in Table 7.4.
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Table 7.4 : Summary o f percentage o f e r ro rs  in t r i a l s  o f nonsense word p a irs
HEARING SEVERELY PROFOUNDLY Dodd &
Final consonant CONTROL DEAF DEAF Herme 1 in
of word p a ir  :
No. word
<n=28) <n=9) <n=21 ) (n= 13)
RHYMES
p a irs  :
% % % %
B ilab ia l /
Labiodental 3 22.6 14.8 11.1 11.5$
Alveolar 4 44.6 13.9 28.6 53.9$$
Velar 1 53.6 66.6 57.1 46.2
NON-RHYMES
Same place of 
a r t i c u la t io n 2 73.2 66.7 66.7 46.2
D ifferen t place 
of a r t i c u la t io n 6 20.2 5.6 7.9 10.3
+ 4 word pa irs ,  ++ 3 word pa irs ;  see Note 1.
Note 1 : Rhymes
D etails  o f  which word pa irs  belonged in which category  fo r  the e r ro r  an a ly s is  
could not be obtained from published sources, so these  had to be deduced 
afresh . The only problem with th is  was tha t Dodd & Hermelin appear to have 
c lassed  the p a ir  pembal-fembal as b i lab ia l ,  according to the ending of the 
f i r s t  sy l la b le  (/m/), ra th e r  than c la s s i fy  i t  by i t s  f in a l  consonant ( / I / ) ,  which 
is  a lveo lar .  In th is  analysis , i t  is classed as a lveo la r .
Note 2 : Non-rhymes
Dodd & Hermelin defined three genera l places of a r t i c u la t io n :  fro n t consonants  
/p,b,m,f/; m iddle consonants /d ,n , t , l / ;  and back consonants  /k ,g/.
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The breakdown of e r ro r s  in the profoundly deaf re p l ic a t io n  sample only, with 
twenty-one t r i a l s  (i.e. su b jec ts )  per word p a i r  in each category, is shown in 
Table 7.5, as an i l lu s t r a t io n  of the e r ro r  an a ly s is  procedure.
Table 7.5 : Breakdown of nonsense p a i r  e r ro r s  (Replication data)
PROFOUNDLY DEAF SAMPLE
RHYMES
a) B ilab ia l/ lab ioden ta l
mib-dib
h i f - z i f
g a f - t a f
NON-RHYMES
1) Same place of a r t i c u la t io n
k e f -p la f
yemet-durail
16
12
28
28 /42 t r i a l s  = 66.7%
7 / 6 3  t r i a l s  = 11.1%
b) Alveolar
kwarn-sparn 8
y in-min 7
pembal-fembal 7
v u s t-n u s t  2
24
24 /  84 t r i a l s  = 28.6%
c) Velar
wek-lek 12
1 2 / 2 1  t r i a l s  =57.1%
ii)  D iffe ren t place of a r t i c u la t io n
vump-maf 
blep-veg 
n id-geb  
kend-pref 
huk-spid 
gred-zam
4
2
1
1
1
1
10
10 /  126 t r i a l s  = 7.9%
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7.4 D iscussion
The r e s u l t s  of th is  rep lica t ion  study  confirm and extend the findings reported  
•by Dodd & Hermelin <1977, Experiment 3). The performance of p re lingually  
profoundly deaf children in the re p l ic a t io n  was remarkably s im ila r  to the 
performance o f  Dodd & Hermelin's sample. In addition , hearing  and p re lingually  
severely  deaf children a lso  showed a highly s ig n if ic a n t  above-chance a b i l i ty  to 
d iscrim inate  rhymes from non-rhymes through lipread ing alone.
As with Dodd & Hermelin's data , su b jec ts  made most e r r o r s  on rhymes in which 
the f in a l  consonant was in a non-lab ia l  place of a r t i c u la t io n  (i.e. not on the 
lips but a r t i c u la te d  fu r th e r  back in the mouth). The le a s t  e r ro rs  were made on 
the fa r  more v is ib le  b i lab ia l  and lab io -den ta l consonants. Furthermore, if  non- 
rhyming words shared the same genera l place of a r t i c u la t io n  of th e i r  f in a l  
consonants, the re  was a s trong  tendency to fa lse ly  in te rp re t  them as rhyming. 
This s t ro n g ly  sugges ts  the influence of visemic f a c to rs  on su b jec ts '  rhyme 
judgements, supporting  the v isua l encoding hypothesis. A r ticu la to ry  coding 
could a lso  be pos tu la ted  as an explanation of these  da ta ,  p a r t ic u la r ly  as many 
sub jec ts  were observed to im ita te  the mouth movements as  they watched the 
video p re sen ta tio n .  Nonetheless, a r t i c u la to ry  coding alone would not account 
for the e r ro r s  on the rhyming p a irs  with less  v is ib le  phonemes; s ince 
v i s ib i l i ty  is  apparently  a c r i t i c a l  fac to r  in th is  rhyme judgement task, 
t ra n s la t io n  into an a r t ic u la to ry  code must be secondary to visemic coding, if  
i t  does occur.
The nonsense p a i r  pembal-fembal is  the only b i - s y l la b ic  p a ir  in the rhyming 
data s e t ,  so am biguities over c la s s i f i c a t io n  by the f i r s t  or second sy llab le  
(see Note 1 to Table 7.4) did not occur with o ther  rhyming word pa irs .
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In te re s tin g ly , the only b i-sy lla b ic  p a ir  amongst the non-rhyming words, yem et-  
dumil, was wrongly in te rp re te d  as rhyming by 41 ou t of 58 su b jec ts  te s te d  in 
the p resen t rep lica tio n . This su g g es ts  th a t they may have been most influenced 
by the f i r s t  -  and more v is ib le  -  sy lla b le  pronounced. The use o f m onosyllabic 
words in fou rteen  ou t of the s ix te en  p a irs  would q u ite  possib ly  prime the 
su b je c ts  to  expect only m onosyllables and would thus make such e r ro rs  on 
b isy lia b le  p a irs  p red ic tab le . Therefore, i t  su g g e s ts  th a t the fa c t th a t  pem bal- 
fembal was seen as rhyming by 45 of the 58 su b je c ts , may r e f le c t  a s im ila r  
( th is  time fo r tu ito u s )  'haIf-judgem ent' of the f i r s t  sy lla b le  only.
I t  soon became c lea r in te s t in g  th a t most of the profoundly deaf ch ild ren
under fou rteen  years of age were new to the concept of rhyme. When asked in
the prelim inary  exerc ises  to  produce a word to  rhyme with CAT, many would 
provide a sem antic pa ir, e.g. DOG, or e lse  an o rthograph ica  1 ly s im ila r 
a l l i t e r a t io n  such as CAR. I t  o ften  took sev e ra l a ttem p ts  to e s ta b lish  a rhyme. 
This problem was ra re ly  encountered with the grammar school deaf s tu d e n ts , 
which could r e f le c t  not only th e ir  g re a te r  age and experience but possib ly  the 
fa c t th a t they were a l l  in an academic e l i te ,  considering  the norm ally lowered
expec ta tions  of deaf ch ild ren  (Conrad, 1979). One profoundly deaf 8 -y e a r-o ld
child  produced rhymes a t  th is  s ta g e  but was excluded from the study  because 
he apparen tly  found i t  m eaningless to lip read  fo r  rhyme. I t  is sug g ested  th a t 
th is  dem onstrates a w ritten  competence a t  g en era tin g  an o rthograph ic match bu t 
a lim ited  aw areness of au d ito ry  or a r tic u la to ry  phonology. The o th e r 
profoundly deaf ch ildren , who lip read  for rhyme w ith reasonable su ccess, may 
a lso  have had a lim ited aw areness o f speech sounds, succeeding only by 
m onitoring viseraic s im ila r ity .
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There was evidence th a t the in i t ia l  consonant of some nonsense word p a irs  
influenced s u b je c ts ' judgement of rhyme : where a rhyming p a ir  had s im ila r 
in i t ia l  consonant types, i.e. g a f- ta f ,  h i f - z i f ,  th e re  were hard ly  any m istakes 
made (5/58 and 3/58 , re sp ec tiv e ly ). This suggested  th a t a t te n tio n  should be 
paid to the in i t i a l  consonants in e lab o ra tin g  th is  experim ent.
In summary, Dodd & Hermelin's (1977) finding  th a t profoundly deaf children 
d iscrim inated  rhymes from non-rhymes in a s i le n t  lip read  ing te s t  was 
re p lic a te d  su ccess fu lly  with profoundly deaf, sev ere ly  deaf and hearing  
su b jec ts . However, a non-phono log ical explanation  is  proposed, namely th a t, 
although the hearing  su b jec ts  had the advantage of au d ito ry  phonology, enabling 
them to achieve above chance sco res, the o lde r profoundly deaf su b jec ts  had 
acquired more e f f ic ie n t  1 ipreading s k i l ls .  The severe ly  deaf su b je c ts , having a 
g re a te r  aud ito ry  range, are  more likely  to  possess some phonological aw areness. 
This could supplem ent th e ir  lip read  ing s k i l l s  to above the lev e l of the (mainly 
o lder) profoundly deaf sample.
The p o s s ib ili ty  th a t the experim ent ju s t  described  only measured v isu a l s k i l l s  
cannot be ru led  ou t, nor can the p o s s ib ili ty  of a r t ic u la to ry  coding. The 
experim ent as i t  s tan d s is  in su ff ic ie n t to  iso la te  phonological coding in deaf 
(or hearing) su b jec ts . In the following experim ent, th is  design  w ill be 
e laborated  by co n stru c tin g  word p a irs  c a re fu lly  matched fo r both phonological 
and viseraic s im ila r i ty  and d is s im ila r ity  in a crossed  ANOVA design, to examine 
more c losely  the p o s s ib ili ty  of visemic coding.
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Chapter 8: LIPREAD ING RHYMES (VISEMES)
Experiment 2: TEST OF VISEMIC CODING OF RHYMING WORDS
8.1 O bjectives
This experim ent extends Dodd & Hermelin's (1977) lip read  ing experim ent to
in v e s tig a te  an a l te rn a tiv e  to  the phonological coding hypothesis.
Dodd & H erm elin's r e s u l ts  showed th a t p re lin g u a lly  profoundly deaf su b je c ts
could id e n tify  rhyme on a non lex ica l level (since the s tim u li were a l l  verba lly
p resen ted  nonsense words and could not have been s to re d  in the lexicon).
Their conclusion was th a t th e ir  su b jec ts
"were prim arily  dependent on a v isu a l input from lip read ing  
to  gain  phonological inform ation which allowed them to  match 
homophones and id en tify  rhymes" (p.416).
It w ill be a s se r te d  here th a t a phonological in te rp re ta tio n  is  unsupported by
th e ir  r e s u l t s  and could more economically be rep laced  by a purely  visem ic
account. Although rhymes and homophones provide hearing  people with au d ito ry
phonological inform ation, i t  has not been shown th a t profoundly deaf ch ild ren
gain any inform ation about speech sounds through lip read ing  s i le n t  speech.
According to the a l te rn a tiv e  hypothesis of visem ic coding, p re lin g u a lly  
profoundly deaf lip read ers  use pragm atic ru le s  about v isu a l s im ila r i t ie s  and 
d iffe re n c e s  in the lip  movements of speech in o rder to  make in d irec t 
judgem ents about phonology. That is  to say, 'i f  the words look the same, re p o r t 
th a t they sound the same*. I t  is  suggested  th a t th is  technique would be the 
most m eaningful fo r o ra lly -ed u ca ted  p re lin g u a lly  profoundly deaf ind iv iduals, 
whose sound input is genera lly  lim ited to some ind ica tion  of prosody only and 
who would thus have to re ly  mainly on th e ir  v is ion  (whenever context was 
absen t) fo r  speech perception .
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In the experim ent ju s t  repo rted , the re  was no co n tro l fo r visem ic cues to 
rhyme. T herefore the visem ic coding hypothesis cannot be ru led  ou t as an 
exp lanation  of the (successfu lly  re p lic a te d ) r e s u l t s .
I t  was f e l t  th a t a d iscrim ination  between visem ic and phonemic s im ila r i ty  would 
c la r i fy  the phono log ica 1/visemic coding issue . Visemes are  defined as v is u a lly , 
in d is tin g u ish ab le  phonemes (Fisher, 1968), such as /k /  and /g / ,  which cannot be 
d iscrim inated  from one another by a lip read e r w ithout con tex tua l cues.
A consequence of th is  poverty of inform ation is  th a t  th e re  are  always fa r  
few er visemes availab le  to the lip read er than the number of phonemes in the 
language (see sec tio n  4.3).
8.2 Subjects and method
8.2.1 Subjects
The same su b jec ts  as in Experiment 1 p a r tic ip a te d  in th is  experim ent, bu t one 
profoundly deaf e ig h t-y e a r-o ld  g i r l  fa ile d  to concen tra te  through a second 
sess io n  and was excluded from a l l  the follow ing analy ses. The mean age of the 
f in a l  sample of profoundly deaf su b jec ts  (N=20) was 15.5 years  (S.D.=3.2) and 
the mean b e t te r - e a r  hearing  loss was 96.8dB ISO. The sev ere ly  deaf (N=9) and 
hearing  su b jec ts  (N=28) were as described in sec tio n  7.2.1.
8.2.2 M ateria ls
For th is  experim ent, only monosyllabic words were used. As argued in the 
d iscu ssio n  of Experiment 1 (section  7.4), occasional b i-sy lla b ic  words in a 
s tim u lu s  s e t  may be m isleading, as the lip read e r may be primed by the m ajority  
o f s tim u li to expect m onosyllables. The s tim u li in th is  experim ent were a l l  CV
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words. A s t r i c t  d e fin itio n  of rhyme was employed, namely th a t rhyming words 
must share  the same fin a l phoneme (a vowel). Stim ulus words a l l  ended in a 
vowel because lip read e rs  have the most d if f ic u lty  id en tify in g  vowels and use 
surrounding consonants to provide a con tex t in which to  id e n tify  them.
Without th is  con tex t the judgement o f rhyme becomes a more exacting  task , like
judgement o f rhyme in nonsense words.
Dodd & Hermelin (1977) only had a rhyme and a non-rhyme condition , confounding 
the rhyme w ith the viseme fa c to r . Only by in troducing visem ic incongruity  as 
a sy s tem a tica lly -co n tro lle d  fa c to r  can phonological coding be d istin g u ish ed  
from visem ic coding in lip read  ing. T herefore, in stead  o f only two conditions,
four were used, crossing  the rhyme/non-rhyme fa c to r  w ith a shared-v isem e/
d iffe re n t-v isem e  fa c to r  to c re a te  v isu a lly  congruent and incongruent s tim u li in
a balanced two-way ANOVA design. This design is  i l lu s t r a te d  in Table 8,1.
Table 8.1: Design of viseme experim ent
SHARED
VISEME
RHYME
A) [ CONGRUENT 3 
bay -  pay
NON-RHYME
0) C INCONGRUENT 3 
bay -  bee
DIFFERENT
VISEME
B) C INCONGRUENT 3 
bay -  say
D) [ CONGRUENT 3 
bay -  tow
These four conditions are  explained overleaf.
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Rhymes ; .
A) SHARED-VISEME RHYMES. This w ord-pair l i s t  contained rhymes se lec ted  as 
e a s ily  id e n tif ia b le  because of the visemic s im ila r i ty  of both the consonant and 
vowel lip  con figu ra tions (e.g. bay-pay). The lip read  inform ation sup p o rts  the 
words' phonemic s im ila r ity  and the p a irs  can th e re fo re  be described as 
congruent. This was a con tro l condition: whether su b je c ts  were coding phono log­
ic a lly  o r visem ically , they should su ccessfu lly  id e n tify  these  p a irs  as rhymes.
B) DIFFERENT-VISEME RHYMES. The only d iffe ren ce  between the words in each 
p a ir  was in the viseme category  of the in i t ia l  consonant (e.g. bay-say)^ thus 
c re a tin g  visemic/phonemic incongruence.
This was a te s t  condition; if  su b je c ts  showed no s ig n if ic a n t  drop in th e ir  
perform ance on these rhymes, then th is  would suppo rt a b s tra c t  phonological 
coding or possib ly  orthographic coding (since some of the rhyming words had 
s im ila r  sp e llin g ); fa ilu re  to id e n tify  a s ig n if ic a n t p roportion  of these rhymes 
(in conjunction with success in id en tify ing  condition A rhymes) would lend 
w eight to the visemic coding hypothesis.
Non-rhymes
C) SHARED-VISEME NON-RHYMES. These w ord-pairs were, a s  close as p o ssib le , 
visem es bu t did not rhyme (e.g. bay-bee). The in i t i a l  consonant was shared  bu t 
the vowels were d if fe re n t phonemes w ithin one viseme c lu s te r  (i.e. d i f f i c u l t  
fo r a lip read er to d iscrim inate). These p a irs  were th e re fo re  incongruent, being 
visem ica lly  a lik e  but phonem ic a lly  unalike.
This was the complementary te s t  condition to B; erroneous id e n tif ic a tio n  o f a 
s ig n if ic a n t  proportion of these  non-rhymes as rhymes (in conjunction w ith high 
sco res  in condition D) would support the visem ic coding hypothesis; no
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s ig n if ic a n t p roportion  of e r ro rs  would be expected if  su b je c ts  could be sa id  to 
be coding lip read  inform ation phono log ica lly .
D) DIFFERENT-V ISEME NON-RHYMES. This l i s t  was the complement o f condition A, 
contain ing  non-rhyming word p a irs  th a t were phonem ic a lly  and visem ica lly  as 
d iss im ila r  as p ossib le  (e.g. bay-tow). The p a irs  were congruent non-rhymes, 
s in ce  th e ir  phonemic d is s im ila r ity  was supported  by visem ic d is s im ila r i ty .
This was a con tro l condition: both the phonological coding and visem ic coding 
hypotheses p red ic t high success a t  recognising  these  lip read  p a irs  as non­
rhymes.
The word p a irs  used a re  l is te d  in Table 8.2.
Table 8.2: Stimuli used in viseme experiment
RHYMES NON-RHYMES
CONGRUENT
(control)
A) S hared-vi seme D) D iffe ren t -visem e
die lie d ie moo
my pie my too
tow - no tow bee
dough - low dough - may
lay day lay bow
bay pay bay no
boo - moo boo - fee
pea bee pea foe
INCONGRUENT
(experimen ta l)
D ifferent--viseme C) Shared-visem e
die pie d ie day
my sigh my may
tow - foe tow too
dough - bow dough - do
lay pay lay lie
bay say bay bee
boo do boo - bow
pea fee pea pay
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8.2.3 Procedure
The four s e ts  of s tim u li were randomised and p resen ted  on videotape in the 
same form at as  in Experiment 1 (see sec tio n s  7.2.3 -  7.2.4). The same speaker 
was used, in id en tica l conditions. Each word p a ir  appeared only once on the 
video, w ith word order counterbalanced across s tim u li. Half o f the su b jec ts  
completed Experiment 1 followed by th is  experim ent and h a lf  were presen ted  
w ith th is  version  f i r s t .  Sub jects received the same in s tru c tio n s  fo r both 
v ers ions, bu t in th is  experim ent the p rac tice  t r i a l  s tim u li were:
(non-rhymes) pip -food , tea-bar; (rhymes) b a t-p a t, key-knee.
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8.3 Ana lys is
Mean co rrec t sco res (out of a maximum of 8) a re  shown in Table 8.3 below.
Table 8.3: Ifean correct scores: Prelingually deaf and Hearing groups
Profoundly Deaf <n=20) Severely Deaf <n=9)
RHYME
SHARED
VISEME 7 .2
DIFFERENT 
VISEME 6 .8
NON-RHYME
6 . 6
7.8
RHYME
SHARED
VISEME 7 .2
DIFFERENT 
VISEME 6 .8
NON-RHYME 
6 . 8
7. 1
SHARED
VISEME
Hearing (n=28)
RHYME
6 . 8
DIFFERENT 
VISEME 6.2
NON-RHYME 
4 .6
7. 7
KEY :
A C
* i*
** *
B D
** incongruent
$ congruent
Although, in genera l, sco res achieved by deaf and by hearing  su b jec ts  were high, 
an a ly sis  revealed  in te re s tin g  main and in te ra c tio n  e f fe c ts .  The trend  was fo r 
the  lowest sco res to  be achieved in the incongruent conditions B and C in a l l  
comparison groups, as p red ic ted , but there  was le a s t  v a ria tio n  in the sev e re ly  
deaf sco res. High sco res were expected in the co n tro l (congruent) cond itions, as 
th ese  were designed to be as easy as possib le  fo r the lip reader.
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Table 8.4 below ind ica tes  the mean percen t co rrec t in each of the four conditions 
fo r the th ree  su b jec t groups, comparing rhyme with non-rhyme word p a irs .
Table 8.4: Mean percent correct in rhyme and non-rhyme conditions
Condition Sample
Hearing Severely Profoundly
deaf deaf
<n=28) (n=9) <n=20)
RHYME
A) SHARED VISEME * 85.3% 89.6% 89.4%
B) DIFFERENT VISEME «  77.3% 84.8% 85.0%
Mean (rhyme) ; 81.3% 87.2% 87.2%
NON-RHYME
C) SHARED VISEME «  57.1% 85.4% 81.9%
D) DIFFERENT VISEME * 96.3% 88.9% 97.5%
Mean (non-rhyme) ; 76.7% 87.2% 89.7%
OVERALL MEAN : 79.0% 87.2% 88.5%
f Congruent $$ Incongruent
Fig. 8.1 i l lu s t r a te s  the comparison of congruent w ith incongruent word p a ir  
types.
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F ig .  8 . 1: VISEME EXPERIMENT. Y Lipxfiaii in  g 
CONGRUENT V S. INCONGRUENT JO E D . PAIRS 
Q m vA ïisü ïi  .0Î  deaf  and k a i l n g .  subjec ts
>
?3
0
•-i
0
%
ïd
K
0
lOOT
9 5 j
9 0 j
SoJ
80j
^5 j
70_
65_
60.
55J
5 0 j
45.1
4 0 j
35J
3 0 l
Congruent
(=control)
Incongruent
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Hearing (n=28)
Severe ly  d eaf  (n=9) 
Profoundly d eaf  (n=20)
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A three-w ay an a ly sis  of variance with one be tw een-sub jects  fa c to r  (Hearing 
s ta tu s )  and two with in -su b je c ts  fa c to rs  (Rhyme and Viseme) was ca rried  ou t on 
the comparison groups (hearing, severe ly  deaf and profoundly deaf) to a sse ss  
the re la t iv e  influence of rhyme and viseme fa c to rs  on th e ir  perform ance. As 
the samples were of unequal s ize  a d v en titio u s ly  (ra th e r  than re f le c tin g  
d iffe ren ces  in the populations), an unweighted means so lu tio n  was se lec ted  
(Winer 1971). The r e s u l t s  a re  o u tlined  in Table 8.5 below.
Table 8.5: 3-way an a ly sis  o f variance (Rhyme by Viseme by Hearing s ta tu s )
SOURCE SS DF MS F Sig. o f F
Between su b jec ts
Hearing s ta tu s 29.9 2 15.0 4.2 < 0.05
E rror (H> 192.7 54 3.6
Within su b jec ts
Rhyme 1.5 1 1.5 0.9 N.S.
R X H 4.1 2 2.1 1.3 N.S.
E rror (R) 85.0 54 1.6
V iseme 19.9 1 19.9 21.4 < 0.001
V X H 10.6 2 5.3 5.7 < 0.01
E rro r (V) 50.3 54 0.9
Rhyme x Viseme 48.3 1 48.3 18.6 < 0.001
R X V X H 22.3 2 11.1 4.3 < 0.05
E rror (R x V) 140.3 54 2.6
( H = hearing  s ta tu s  R = rhyme V = viseme )
These r e s u l t s  show a s ig n if ic a n t, though modest, main e f f e c t  fo r Hearing s ta tu s  
and a s tro n g  main e f fe c t  fo r Viseme, but no main e f f e c t  fo r Rhyme. S im ilarly , 
th e re  was a s ig n if ic a n t in te ra c tio n  between Viseme and Hearing s ta tu s  bu t no 
in te rac tio n  between Rhyme and Hearing s ta tu s .
The c r i t ic a l  in te rac tio n  e f f e c t  between Rhyme and Viseme was h ighly  s ig n if ic a n t 
(F=18.6, p<0.001), although th is  a lso  in te rac ted  m oderately w ith Hearing s ta tu s  
(F=4.3, p<0.05).
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The in te ra c tio n  between the Rhyme and Viseme fa c to rs  in d ica te s  th a t success a t  
d isc rim in a tin g  rhymes from non-rhymes is  to a s ig n if ic a n t  e x ten t dependent on 
visem ic congruence. In o ther words, th e re  is  a tendency to  id e n tify  word p a irs  
as rhyming when th e ir  f in a l phonemes are  from the same viseme group, and to 
id e n tify  p a irs  as non-rhymes when th e ir  f in a l phonemes a re  from d if fe re n t 
viseme groups; c lea rly , th is  s tra te g y  is su ccessfu l w ith shared-visem e rhymes 
but unsu ccessfu l with shared-visem e non-rhymes. S im ilarly  (though to a le s s e r  
ex ten t) , as a r e s u l t  of th is  s tra te g y  d iffe re n t-v isem e  rhymes may be 
erroneously  seen as non-rhymes because of the in i t ia l  phonemes being in 
d if fe re n t  viseme groups.
A Scheffé po st hoc te s t  on the main e f fe c t  fo r hearing  s ta tu s  indicated th a t 
the profoundly deaf group made s ig n if ic a n tly  fewer e r ro rs  than the hearing 
group, summed across the four conditions. The sev e re ly  deaf group mean f e l l  
between the o th e r two group means and was not s ig n if ic a n tly  d if fe re n t from 
e ith e r  group, as shown in Table 8.6. The Scheffé po st hoc te s t  was chosen 
because i t  is  applicable to groups of unequal s iz e s  (Scheffé, 1959).
Table 8.6: Mean to ta l  co rrec t sco re : p o st hoc comparison o f  hearing  s ta tu s
Sample
Hearing
(n=28)
Severely
deaf
(n=9)
Profoundly
deaf
(n=20)
Comparisons
Mean sco re  (/32) ; 25.3 27.9 28.3 F(2,54)=4.2 
( p<0.05 )
Hearing - - -
Severely deaf - - - * Scheffé
Profoundly deaf * ( p<0.05 )
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Of the incongruent conditions, d iffe ren t-v isem e  rhymes (condition B) had a le ss  
no tab le  e f fe c t  on lip read ing  performance than shared-visem e non-rhymes 
(condition C) and th is  la rge ly  accounts fo r the unexpected main e f f e c t  for 
Viseme in the an a ly sis  of variance. This finding  w ill be examined fu r th e r  in 
the d iscussion . The in te rac tio n  between Viseme and Hearing s ta tu s  in d ica te s  
th a t  the main e f f e c t  fo r Viseme was weaker in the deaf samples than the 
hearing  sample. This is  shown in Table 8.7.
Table 8.7: Mean percen t co rre c t in shared-vlsem e and d iffe re n t-v isem e  word p a irs
Sample
Word p a irs
Hearing
(n=28)
Severely
deaf
(n=9)
Profoundly
deaf
(n=20)
SHARED VISEME 
(conditions A + C)
71.2% 87.5% 85.7%
DIFFERENT VISEME 
(conditions B + D)
86.8% 86.9% 91.3%
O verall mean : 79.0% 87.2% 88.5%
The moderate in te rac tio n  between Rhyme, Viseme and Hearing s ta tu s  in the 
an a ly sis  of variance ind ica tes  th a t the e f fe c t o f visem ic incongruence is  more 
no tab le  in the hearing  than the deaf groups (see Fig. 8.1).
To examine the influence of age on performance, the youngest deaf su b je c ts  
(aged 7 - 1 2  years , n=9) were closely  matched fo r mean dB hearing  loss w ith 
nine o lder deaf su b jec ts  (aged 14 -  18 years). A Matched P airs  t - t e s t  on 
o v e ra ll co rrec t sco res  dem onstrated a s ig n if ic a n t d iffe re n ce  in perform ance 
(t=4.09, df=8, p<0.01, o n e -ta ile d ), with the younger deaf group sco ring  a mean 
of 25/32, S.D.=4.4, and the o lder deaf group sco ring  a mean of 30/32, S.D.= 1.8.
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Since the th ree  samples were not matched fo r age, and the hearing sample was 
s ig n if ic a n tly  younger than the profoundly deaf sample XKolmogorov-Smirnov 
D„, .,-,= .75, p<0.001, tw o-ta iled ), i t  could be argued th a t the d iffe ren ce  in score 
between the hearing  sample (mean age = 12.3, mean sco re  = 25.3) and the 
profoundly deaf sample (mean age = 15.5, mean score = 28,3) might be 
a t tr ib u te d  to  an age d isadvantage in lip read  ing s k i l l s  r a th e r  than a hearing  
s ta tu s  e f f e c t .  The e n tire  profoundly deaf sample could no t be age-m atched 
with hearing  su b jec ts  to t e s t  th is  p rec ise ly , but a comparison of the sco res of 
the nine sev ere ly  deaf su b jec ts  w ith nine profoundly deaf and nine hearing 
su b jec ts  no t varying s ig n if ic a n tly  in chronological age showed a s ig n if ic a n t 
d iffe ren ce  in performance (see Table 8.8).
Table 8.8; Mean correct score: comparison of selected age-matched subjects
Sample
(orig inal sam ples) 
Mean age :
Hearing
(n=28)
12.3
Severely
deaf
(n=9)
13.7
Profoundly
deaf
(n=20) Kolmogorov-Sm irnov
15.5 0.75
§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§
(n=9) (n=9)
13.7 13.95
Age-matched samples (n=9) 
Mean age : 12.55
One-way ANOVA
Mean sco re  (/32) : 25.56 27.89 29.78
F (2 ,24)=0.91) 
( N.S.)
F (2,24)=6.97 
( p<0.005 )
M atched-pairs t - t e s t s  comparing the severely  deaf sample w ith the hearing 
subgroup (t=1.65, df=8) and with the profoundly deaf subgroup ( t = - l .85, df=8) 
were no t s ig n if ic a n t. This in d ica te s  th a t the profoundly deaf subgroup scored 
s ig n if ic a n tly  b e t te r  than the age-m atched hearing  subgroup, but the sev ere ly  
deaf su b jec ts  were not s ig n if ic a n tly  d if fe re n t from e i th e r  subgroup.
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Thus, although age d iffe re n ces  could account fo r v a r ia tio n s  in performance 
between deaf su b jec ts  when th e ir  level of deafness was con tro lled , the 
s ig n if ic a n t  d iffe ren ce  in performance between profoundly deaf and hearing  
su b je c ts  was m aintained when age was con tro lled . This is  examined fu r th e r  in 
the d iscussion .
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8.4 D iscussion
Deaf and hearing  su b jec ts  achieved high sco res  o v e ra ll in th is  lip read ing  task . 
From the r e s u l t s  o f the age com parisons, i t  would appear th a t amongst the deaf 
ch ild ren  sampled th e re  was an age e f f e c t  such th a t o lder su b jec ts  were more 
sk ille d  a t  lip read  ing fo r rhyme than younger su b jec ts , when dB hearing  loss was 
co n tro lled  fo r. Experience of the concept o f rhyme comes la te  to  the 
profoundly deaf child , so ado lescen ts w ill have an advantage over younger deaf 
ch ild ren  in being fam ilia r with the rhyme concept. Indeed, in te s t in g  deaf 
ch ild ren , i t  was o ften  necessary  to  exp lain  what was meant by rhyme to  the 
younger ch ild ren , whereas the o lder ones understood the concept a lready . The 
o lder deaf su b je c ts  attended a grammar school fo r the deaf and were highly 
se lec ted  fo r th e ir  o ra l s k il ls ,  s ince the school had a s t r i c t  o ra l policy. They 
are  likely  to have been taught the concept of rhyme, although ro te  memory of 
sp e c if ic  rhyming words is unlikely  to explain  th e ir  perform ance, since  they 
a c tu a lly  performed s lig h tly  b e t te r  in the re p lic a tio n  of Dodd & Hermelin 
(1977), which used nonwords. None of the hearing  ch ild ren  (a ll ten to  th ir te e n  
years old) had any d if f ic u lty  w ith the concept of rhyme.
However, when su b jec ts  from the profoundly deaf and hearing  sam ples were 
se lec ted  fo r age-m atching with the sev ere ly  deaf sample (i.e . age was 
con tro lled  fo r), level of deafness had a s ig n if ic a n t e f f e c t  on o v e ra ll 
performance (see Table 8.8). That is  to say , the profoundly deaf subgroup 
showed s ig n if ic a n tly  more success a t  lip read  ing fo r  rhyme than the hearing  
subgroup of a s im ila r  age. Since the task  p resen ted  was e x p lic it ly  to 
concen tra te  on rhyme judgement, not to id e n tify  the words them selves, the 
hearing  su b jec ts  would have no advantage from th e ir  w ider le x ica l knowledge. 
Furtherm ore, if  phonological aw areness were c r i t i c a l  in th is  task , i t  would be
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unreasonable to claim th a t profoundly deaf su b je c ts  were more sk illed  than 
hearing  su b je c ts  a t  a comparable chronological age. I t  would seem more like ly  
th a t visem ic coding was involved and th a t the deaf a re  more sk illed  a t  th is  
than the hearing . This can be explained by the p roposal th a t  profound 
deafness, combined with many years  o f o ra l education , sharpens the s k i l l  of 
d is tin g u ish in g  a wide range of lip  movements, sometimes in the absence of 
con tex tu a l cues. This may seem to c o n flic t w ith p rev ious findings showing no 
d iffe re n ce  between deaf and hearing  performance (e.g. Conrad 1977), o r even 
hearing  s u p e r io r ity  a t  lip read  ing ta sk s  (e.g. Green, Green & Holmes 1981; Pelson 
& P ra th e r 1974), but many of these  te s t s  use id e n tif ic a tio n  of words or 
sen tences as the c r ite r io n , thus confounding re c e p tiv e  vocabulary with 
lip read  ing a b i l i ty  per se. Thus, both age and level o f deafness influence 
performance in lipread  ing fo r rhyme.
The fac t th a t a main e f fe c t fo r viseme also  emerged is  possib ly  an a r te f a c t  of 
the t e s t  m a te ria ls  chosen. More d iffe ren t-v isem e  word p a irs  were su ccessfu lly  
id e n tif ie d  as rhyming or non-rhyming because f i r s t l y ,  the d iffe ren t-v isem e  
rhymes were only visem ica lly  d iss im ila r  a t  the in i t i a l  phoneme (e.g. pea-fee);  
by d e f in itio n  they had to share  the same fin a l phoneme in o rder to qualify  as 
a rhyme, making th is  comparison e a s ie r  fo r su b jec ts  than the o th e r incongruent 
condition in the experim ental design (shared-visem e non-rhyme), where there  
were v isu a lly  su b tle  d iffe ren ces  in the f in a l phoneme, e.g. pea-pay. (Indeed, 
sev e ra l su b jec ts  s ta te d  th a t th e ir  s tra te g y  was to  ignore the in i t ia l  
consonants and concen tra te  on the word endings; th is  would make the p e a -fe e  
judgement e a s ie r  than intended.) Because the incongruence in the in i t ia l  
phoneme of the d iffe ren t-v isem e  rhymes could be ignored, a s tra te g y  e f f e c t  
emerged. To overcome th is , i t  is  necessary  to  m anipulate the visemic 
s im ila r i ty  of the shared vowel in the two words. This is  fea s ib le  by
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c a p ita l is in g  on the 'c o a rtic u la tio n  e f f e c t ',  namely th a t, w hilst visem es a re  a 
su b se t o f phonemes, no one phoneme is r e s t r ic te d  to a unique lip  co n figu ra tion ; 
each may be a r tic u la te d  in one of sev e ra l form ations, which are  dependent on 
the preceding and/or succeeding phoneme, as described  in sec tio n  4.3.3.
A second explanation  fo r the main e f fe c t fo r viseme shown in the c u rren t 
an a ly sis  can be found in the case of the congruent conditions, shared-visem e 
rhymes and d if f e r  en t-v isem e non-rhymes. Here, sco res  were b iased  towards 
d iffe re n  t-v isem e non-rhymes (e.g. pea-foe), because the co n tra s t in lip  p a tte rn s  
fo r the vowels was inescapable and a "no" decision  was alm ost always given in 
response to these congruent p a irs . In c o n tra s t ,  the task  of id e n tify in g  even 
shared-visem e rhymes when some te s t  items (shared-visem e non-rhymes) contain  
v isu a lly  su b tle  d iffe re n ces , demands c lo se r sc ru tin y  and is more prone to 
e r ro r . In the con tex t of su b tly  d if fe re n t word p a irs , i t  is  e a s ie r  to judge 
words th a t look com pletely d if fe re n t than words th a t  look v ir tu a lly  the same.
I t  was hypothesised th a t th e re  would be an in te ra c tio n  between Rhyme and 
Viseme fa c to rs , and th is  was indeed found. The in te ra c tio n  was highly  
s ig n if ic a n t (p<0.001), showing th a t rhyme judgement in lip read  ing depends to  
some ex ten t on visem ic s im ila r ity . Although a s u b s ta n tia l  proportion  of the 
variance in these experim ents remained unaccounted fo r by visemic coding, the 
a b s tra c t phonological coding hypothesis is  a weak a l te rn a tiv e , given i t s  
im plic it assum ption of a one-to -one correspondence between phonemes and lip  
movements. S tud ies of viseme groupings and the c o a r tic u la tio n  e f f e c t  in d ica te  
th a t th is  is  untenable.
The high sco res achieved by the deaf su b jec ts  in th is  experim ent in d ica te  a 
p roficiency  a t  1 ipreading beyond the capacity  of the hearing  ch ild ren  and
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beyond the scope of the word p a irs  used, suggesting  the inclusion  of 
d if fe re n  t-v isem e rhymes th a t were su sc ep tib le  to  a s t r a te g y  e f fe c t ,  a t  le a s t 
by the deaf su b jec ts . The n u ll hypothesis of a b s tra c t  phonological coding by 
the p re lin g u a lly  profoundly deaf cannot be re je c ted  on the  b a s is  o f these 
r e s u l t s .  N onetheless, the r e s u l ts  do show a trend  in the p red ic ted  d irec tio n , 
s p e c if ic a lly  in the p red ic ted  s u sc e p tib il i ty  to  shared-visem e non-rhymes. I t  is 
s t i l l  fe a s ib le  th a t the p re lin g u a lly  profoundly deaf su b je c ts  did re ly  la rge ly  
on the v isu a l asp ec ts  of the inform ation they received  from lip read  ing, bu t 
th is  experim ent needs to be ad ju sted  to  con tro l more c lo se ly  fo r d iscrim inable 
a r tic u la to ry  v a r ia tio n s  in p a irs  of words chosen as visem ic. I t  would appear 
th a t such v a r ia tio n s  were d iscern ib le  by the deaf su b je c ts  in th is  experim ent 
bu t le ss  so by the hearing  s u b je c ts . '
In a fu r th e r  lip read  ing experim ent, the co a rtic u la tio n  e f f e c t  w ill be 
incorporated  to  provide a more pow erful t e s t  of v isu a l in fluences in lip read  ing 
rhyme. The experim ent follows the same design as the experim ent ju s t  
described , bu t p a r tic u la r  a tte n tio n  w ill be paid to  the visem ic v a r ia b ili ty  
caused by the ju x tap o sitio n  of c e r ta in  consonant phonemes w ith se lec ted  vowel 
phonemes. For example, a r tic u la tio n  of the word pea t involves pursing  the lip s  
in a s t r a ig h t  line  and producing the vowel w ith no a l te r a t io n  to  the lip  shape 
ap a rt from opening the lip s  s lig h tly ; whereas, to a r t i c u la te  the word wheat, 
the lip s  must begin in a rounded p o sition  and the lip s  do no t then spread so 
widely to  produce the same vowel / i / .  A lis te n e r  would no t be aware of any 
d iffe ren ce  in the  sound of the two vowel u tte ran ces , b u t a lip read e r would 
find the / i /  in wheat appeared d if fe re n t  from the / i /  in pea t. In o the r words, 
whereas two s l ig h t ly  d if fe re n t u tte ra n c e s  may be perceived by a l is te n e r  as 
the same phoneme, a lip reader may be conscious of the v isu a l anomaly and would 
th e re fo re  perce ive  the two allophones as sep a ra te  visem es. Furtherm ore, a
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lip read e r would find i t  hard to d is tin g u ish  wheat from w ait or white, because 
of the stro n g  lipread  c o a rtic u la to ry  e f fe c t of /w / on the  vowel in each of 
th ese  words.
I t  is  a n tic ip a ted  th a t th is  improvement to the design  w ill allow a s u b s ta n tia l  
p roportion  of the variance to  be a t tr ib u te d  to  a visem ic coding process. The 
fu r th e r  p o s s ib il i t iy  of a r tic u la to ry  coding rem ains unexplored.
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Chapter 9; LIPREAD ING RHYMES (COARTICULATION)
Experiment 3 t COARTICULATION EFFECTS IN LIPREADING
9.1 O bjectives
The aim of th is  experim ent was to  examine more c lo se ly  the e f f e c t  of visem ic 
s im ila r i ty  on phonemic d is s im ila r ity  (and vice versa) fo r the lip read e r. The 
work of Ohman (1966), Butcher & Weiher (1976) and Fowler (1977) provided 
evidence th a t the  a r tic u la tio n  of one phoneme overlaps w ith the form ation of 
the surrounding phonemes. In th is  way, d if fe re n t  allophones of a phoneme are  
produced, v a ria n t speech sounds th a t a re  no t d iscrim inated  from the idea lised  
form by the l is te n e r .  This overlapping allow s speech segm ents to be tra n s ­
m itted  in a s h o r te r  time than would be po ssib le  w ith d is c re te  production of 
each phoneme, and is  thus an aid to the comprehension of continuous speech in 
th a t i t  reduces the load on STM while syntax  is  processed (see Fowler, 1984).
I t  is  w e ll-e s tab lish e d  th a t l is te n e rs  compensate fo r such c o a rtic u la tio n  
e f fe c ts ,  fo r example, by 're s to r in g ' phonetic segm ents th a t have been 
mispronounced (Marslen-WiIson & Welsh, 1978; Walley & M etsala, 1990). For a 
lip read er, c o a r tic u la tio n  is problem atic (Jackson, 1988); two allophones of a 
phoneme can appear as two d is t in c t  visemes when lip read . For example, "streak" 
is  more v isu a lly  s im ila r to "stroke" than to "seek", because the lip  p ro tu sio n  
in the / s t r /  c lu s te r  has a s tro n g  co a rtic u la to ry  e f f e c t  on succeeding vowels, 
obscuring th e ir  d is t in c t  fe a tu re s .
Benguerel & P ichora-F u ller (1982) showed deaf and hearing  su b jec ts  a s i le n t  
videotape of a speaker u tte r in g  V^CV? com binations from a lim ited  s e t  of 
phonemes. They dem onstrated th a t the recogn ition  of a phoneme by a lip read e r
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can depend on neighbouring phonemes, p a r tic u la r ly  preceding ones. By playing 
the v ideotape record ing  in rev e rse  to  fu r th e r  su b jec ts , they were able to  show 
th a t th is  is  due to the way the phonemes were spoken r a th e r  than any 
recep tiv e  problem, as e r ro rs  were s t i l l  more frequen t fo r  even when i t  was 
seen f i r s t .  They concluded th a t, fo r  the o rig in a l (forward) record ing ,
"V2 is  more d i f f ic u l t  to  lip read  than , not so much because i t  is
seen la s t  in the u tte ran ce  bu t ra th e r  because i t  was produced la s t"
(p.605).
The speaker economises on mouth movements wherever a preceding phoneme 
demands a lip  p a tte rn  physically  rem ote from the next phoneme and an 
equ ivalen t a 1 lophone can be produced w ithout reshaping the  lip s  so rad ica lly .
To the l i s te n e r ,  the e f fe c t  is  unnoticeab le, but the lip read e r is  unable to  
compensate in the same way and is  then prone to e r ro r  in speech perception , 
p a r tic u la r ly  in a task involving phoneme de tec tio n  in the absence of contex t. 
Therein l ie s  the m ateria l for the follow ing experim ent.
The c o a r tic u la tio n  e f fe c t can be used to  overcome the s tr a te g y  e f fe c t  with 
d iffe re n  t-v isem e rhymes found in Experiment 2. For th a t category  of s tim u li, 
only the in i t i a l  phoneme could be m anipulated, as the words were CV mono­
sy lla b le s , and th is  was considered a lim iting  fac to r , a s  the vowels were 
id e n tica l and su b jec ts  were apparen tly  able to  ignore the  d if fe re n t  in i t ia l  
consonants. However, c o a r tic u la tio n  e f fe c ts  w ill be c a re fu lly  manipulated here  
to dem onstrate lip read e rs ' dependence on visemic coding to  judge rhyme. Thus, 
s trea k  -  seek  would be a s u ita b le  p a ir  fo r the d iffe re n  t-v isem e rhyme category  
because th e re  is  a c o a rticu la to ry  e f f e c t  on the / i /  vowel from the consonant 
c lu s te r  / s t r /  but no v a ria tio n  from the pure form of / i /  follow ing the simple 
phoneme / s / .  In the following experim ent, words are  c a re fu lly  chosen fo r the 
presence o r absence of c o a r tic u la to ry  e f fe c ts ,  combined w ith the basic  visem ic 
fa c to rs  (sh a re d /d iffe re n t viseme group) used in the prev ious experim ent.
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In Experiment 2, visem ic/phonemic incongruence was m anipulated, but only in 
words ending in a vowel. This is  because lip re a d e rs  have most d if f ic u lty  
id e n tify in g  vowels and use surrounding consonants to  provide a contex t in 
which to id en tify  them. By including c o a rtic u la tio n  e f f e c ts ,  the in i t ia l  
consonants could co n trib u te  to  the incongruence, i.e. some would be chosen fo r 
th e ir  c o a rtic u la to ry  e f fe c t on succeeding vowels. Thus, d iffe re n  t-v isem e 
rhymes were se lec ted  fo r the co a rtic u la to ry  e f f e c t  on the vowel of p a r t ic u la r  
in i t i a l  consonant phonemes. This improved m anipulation w ithin words reduced 
the need to use CV m onosyllables, so CVC words were used to increase the range 
of s tim u li ava ilab le  fo r se le c tio n  (e.g. beat -  wheat). Shared-visem e rhymes 
could then be se lec ted  fo r both th e ir  in i t ia l  and f in a l consonant phonemes 
sh a rin g  viseme ca teg o rie s , e.g. beat -  peat.
Furtherm ore, the vowel visemes were more c a re fu lly  matched in th is  experim ent 
by using  J e f f e r s  & B arley 's (1971) 'vowel ch a rt m odified fo r speechreading ' 
(p.64), reproduced in Table 9.1. This is  based on Jones ' (1960) vowel diagram 
(see sec tio n  4.3.2, Fig. 4.1) but sim plified  to show which vowels c lu s te r  to 
form viseme groups.
Table 9.1: Vowel chart modified for speechreading (Jeffers & Barley, 1971)
High
Front vowels
/ ! /  beet 
/ I /  b i t  
/ e l /  b a it 
/ e /  c h a -o t 'ic
Mid vowels
/ s /  b ird
/ a/  pun
/a /  amuse
Back vowels
/u /  boot 
/ \ J  /  book 
/o U /  boat 
/o /  o -bey '
Low
/£ / bet 
/ e e /  bat 
/a /  b a r te r
/ a l /  b ite
JO/ bought 
/d /  pot
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The d is tin c tio n  between fro n t, mid and low vowels r e f e r s  to  the  p a r t o f the 
tongue th a t is  most involved in producing the sound. If one pronounces the 
vowels / i / ,  / a /  and / u /  (as in beet, bu t and boot) s i le n tly ,  one should be able to 
fe e l the s i t e  o f tension  change from the fro n t to  the back of the  tongue base, 
w ith a re laxed  s ta t e  in the production of / a / .  To a lip read er, the mid vowels 
/ a /  and /a  1 /  look like fro n t vowels; /a /  and /a /  look like back vowels.
The d is tin c tio n  between high and low vowels r e fe r s  to the h e ig h t of the lower 
jaw. In pronouncing the words beet, b e t and barter, one can fe e l the d iffe ren ce  
in how low the jaw drops; th is  d iffe re n ce  is  v is ib le  to  a lip read e r. The vowels 
/ i /  to / a /  a c tu a lly  form a continuum, such th a t th e re  is  le a s t v is ib le  d iffe re n ce  
between ad jacen t vowels. Thus, although / e /  and /c /  f a l l  in to  s e p a ra te  groups, 
th e re  is l i t t l e  p e rcep tib le  d iffe ren ce  between them; the d iffe re n ce  between /e /  
and /a /  is  more no ticeab le . G enerally, the low vowels a re  le ss  v is ib le  than high 
vowels in spoken words, though /D/ can remain d is tin c tiv e .
In the experim ent th a t follows, J e f fe r s  & B arley 's (1971) vowel ch a rt was used to  
s e le c t non-rhyming word p a irs  according to the visem ic co n fu sab ility  of the 
vowels. For example, the two words could contain  ad jacen t vowels from w ithin  one 
quadrant of the ch art, e.g. beat -  p i t  ( / b i t /  -  / p i t /  ), thus enhancing the 
appearance of rhyme where there was none. In c o n tra s t , d iffe re n t-v isem e  non­
rhymes were se le c te d  fo r vowel opposition  on the ch a rt, e.g. beat -  cord 
( / b i t /  -  /kOd/ ) to enhance visem ic d is tin c tiv e n e ss .
Thus, improved m anipulation of vowel visemes in the non-rhyming p a irs  has been 
combined w ith m anipulation of the c o a rtic u la tio n  e f f e c t  in the rhyming p a irs . 
Consonant visem es have been m anipulated in a l l  conditions, as in Experiment 2.
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‘ 9.2 S ub jec ts  and method
9.2.1 S ub jec ts
Twenty-one profoundly deaf su b je c ts  aged 14 to 17 (mean age 15.9, S.D.=0.6), 
whose in te llig en ce  was estim ated  by th e ir  teachers  to  be w ithin the normal 
range, p a r tic ip a te d  in the te s t .  B e tte r  ea r mean hearin g  loss , as measured by 
pure tone audiom etry, ranged from 80dB ISO to 109dB ISO, with a median of 
94.2dB ISO. All su b jec ts  had become deaf before ten  months o f age, i.e. befo re  
the a c q u is itio n  of language. There were nine boys and tw elve g i r l s  in the 
sample. They a l l  attended  the grammar school fo r the deaf mentioned in the 
f i r s t  experim ent. This school p laces an emphasis on o ra l communication.
Twenty-one hearing  children ( th ir te e n  g i r l s  and e ig h t boys) aged 12 to 13 
(mean age 13.1, S.D.=0.4) with in te llig en ce  estim ated  to  be w ith in  the normal 
range formed the con tro l group. They a l l  a ttended  a Surrey secondary school. 
(I t  is  w e ll-e s tab lish e d  th a t the l in g u is tic  s k i l l s  of profoundly deaf school 
leavers  a re  equ ivalen t to those of much younger hearing  ch ild ren  (Conrad 1979), 
th e re fo re  a younger hearing sample was more ap p ro p ria te  than age-matched 
su b jec ts .)  Although the experim ental m a te ria ls  a re  English words, no p r in t 
reading  or even id e n tif ic a tio n  of the spoken words was req u ired , th e re fo re  
matching fo r reading age would no t have been ap p ro p ria te ; nor would I.Q. 
matching, s in ce  th is  has never been co n s is te n tly  shown to c o rre la te  with 
lip read  ing a b i l i ty  (Je ffe rs  & Barley 1971).
None of the su b jec ts  had p a r tic ip a te d  in the previous experim ents.
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9.2.2 M ateria ls
Four l i s t s  of CVC word p a irs  were constructed  as  shown in Table 9.2, 
Table 9.2: Design o f c o a r tic u la tio n  experim ent
RHYME NON-RHYME
A) C CONGRUENT 1 C) [ INCONGRUENT 1
SHARED
VISEME chip  -  sh ip chip  -  shape
B) I INCONGRUENT 1 D) I CONGRUENT ]
DIFFERENT
VISEME chip  -  pip chip  -  fe e t
These four conditions a re  explained below.
Rhymes :
A) SHARED-VISEME RHYMES. This w ord-pair l i s t  contained rhymes se le c te d  as
e a s ily  id e n tif ia b le  because of the visemic s im ila r i ty  of both the consonant and
vowel lip  con fig u ra tio n s  (e.g. chip -  ship). The visem ic inform ation su p p o rts  
the phonemic s ta tu s  of the word p a irs  and they can th e re fo re  be described  as 
congruent. This was a co n tro l condition: w hether su b je c ts  were coding phonolog­
ica lly  or visem ica lly , they should su ccessfu lly  id e n tify  these p a irs  as rhymes.
B) DIFFERENT-VISEME RHYMES. The d ifferen ce  between the words in each p a ir  was
in the viseme group of the in i t ia l  consonant (e.g. chip  -  pip). One of the
words in each p a ir  was fu r th e r  se lec ted  fo r the c o a r tic u la to ry  e f f e c t  o f the 
in i t i a l  consonant on the vowel, thus c rea tin g  visem ic/phonemic incongruence. 
This was a te s t  condition: if  su b jec ts  showed no s ig n if ic a n t drop in th e ir  
performance on these rhymes, then th is  would su p p o rt a b s tra c t phonological
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coding or possib ly  orthographic coding (since the rhyming words tended to  have 
s im ila r sp e llin g ); fa ilu re  to id en tify  a s ig n if ic a n t proportion  of these rhymes 
(in conjunction with su ccessfu l id e n tif ic a tio n  of condition  A rhymes) would 
lend w eight to  the visemic coding hypo thesis.
Non-rhymes :
C) SHARED-VISEME NON-RHYMES. These word-pa 1rs were, as c lose as  possib le , 
visemes bu t did not rhyme (e.g. chip  -  shape). The consonants were e i th e r  
id en tica l phonemes or d if fe re n t phonemes from the same viseme group, but the 
vowels were always d if fe re n t phonemes w ithin one viseme group (i.e . d i f f ic u l t  
fo r a lip read er to  d iscrim inate). These p a irs  were th e re fo re  incongruent, being 
visem ica lly  a lik e  but phonem icly unalike.
This was the complementary te s t  condition to B; erroneous id e n tif ic a tio n  of a 
s ig n if ic a n t proportion  of these non-rhymes as rhymes (in conjunction with 
su ccessfu l id e n tif ic a tio n  of condition D non-rhymes) would support the visem ic 
coding hypo thesis; no s ig n if ic a n t p roportion  of e r ro rs  would be expected if  
su b jec ts  could be sa id  to be coding lip read  inform ation phono log ica lly .
D) DIFFERENT-V ISEME NON-RHYMES. This l i s t  was the complement o f condition A, 
contain ing non-rhyming word p a irs  th a t were phonem ic a lly  and visem ica lly  as 
d iss im ila r as po ssib le  (e.g. chip -  fe e t) . The p a irs  were congruent, s ince  th e ir  
phonemic d is s im ila r i ty  was supported  by visem ic d is s im ila r i ty . This was a 
con tro l condition; both the phonological coding and visem ic coding hypotheses 
p red ic t high success a t  recognising  these  lip read  p a irs  as non-rhymes.
Since the d e f in itio n  of rhyme used in th is  s e r ie s  of experim ents was th a t the 
words must sh a re  a l l  but the in i t ia l  phoneme, e.g. BAT -  CAT, the v isu a l
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Incongruity  in condition B could only be introduced by the ca re fu l e x p lo ita tio n  
of visem ic and co a rticu la to ry  e f f e c ts  in the in i t ia l  phoneme. For condition C, 
non-rhyming words were matched fo r f in a l consonant and vowels were se lec ted  
from w ith in  viseme groups. The in i t ia l  consonants were e i th e r  id en tica l o r 
ra re ly  d is tin g u ish ed  by lip re a d e rs , e.g. / t /  and /d /. Word p a irs  in the co n tro l 
cond itions, A and D, were se le c te d  fo r th e ir  visem ic congruity , i.e. the rhyming 
words were v ir tu a lly  id en tica l when lipread  and the non-rhymes were d is t in c t ly  
unalike when lip read . All words were m onosyllables of the form CVC. The word 
p a irs  used a re  lis te d  in Table 9.3.
Table 9.3: Stimuli used in coarticulation experiment
RHYMES NON-RHYMES
CONGRUENT
(control)
A) Shared-visem e D) D iffe ren t-visem e
tig h t - lig h t t ig h t  - once
beat peat bea t - cord
chip - ship chip - fe e t
p a il - mail p a il - noise
fa t vat f a t  - moon
keel ee l keel - bought
bake - make bake - good
chairs  - sh ares c h a irs  - home
INCONGRUENT
(experimen ta l)
B) Dif feren t-v isem e C) Shared-visem e
tig h t - white t ig h t  - da te
beat - wheat b ea t p it
chip - pip chip - shape
p a il - j a i l p a i l  - p ile
fa t chat f a t  - f i t
keel - wheel keel - g a le
bake - wake bake b i t
cha irs  - p a irs ch a irs  - chase
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9.2.3 Video
A ü-raatic  video record ing  was made using a Panasonic A2 video camera. The 
female speaker was shown fu ll- fa c e , head and th ro a t only, and l i t  by four 
q u artz  colour, red-head video lig h ts : one p ro je c tin g  on to the back screen , one 
re f le c te d  from below a t a d is tance  o f  4 f t ,  positio n ed  to illum inate  the mouth 
cav ity , and two ce ilin g  re f le c te d  flo o d lig h ts . (This arrangem ent provided b e t te r  
illum ination  than th a t used in the record ing  fo r Experiments 1 and 2.) The 
cam era's w hite balance was ad justed  fo r f le sh  tones. The speaker had a n e u tra l 
/  E ast Midlands (English) accent and spoke each word w ith the same (fa llin g ) 
in tonation . The word p a irs  were presen ted  to  the speaker in a randomised l i s t .  
Half of the word p a irs  were p resen ted  in re v e rse  o rder (e.g. shape-chip  instead  
of chip-shape).
Four p rac tice  t r i a l s  were recorded a t  the beginning of the video: egg  -  pop; 
pip  -  food; swim -  rim; job  -  sob.
The video was ed ited  on to  VHS tape, w ith a p la in  red  screen  in se rted  fo r 
e ig h t seconds between each word pa ir. Superimposed on the red  screen  was the 
number of the next t r i a l ;  th is  appeared fo r th ree  seconds and d isappeared one 
second before the sp eaker's  face reappeared. The face was shown from one 
second before the u tte ra n c e  to two seconds a fte rw ard s , then the red screen  
reappeared fo r e ig h t seconds to allow time fo r  su b je c ts  to mark th e ir  response. 
Each word p a ir  appeared only once. The soundtrack  was om itted from the f in a l 
copy of the recording.
9.2.4 Procedure
The record ing  was played to  su b jec ts  in a q u ie t room in th e ir  school. Children 
under 14 years were te s te d  individually ; o ld e r ch ild ren  were te s te d  in sm all 
groups. Subjects were given w ritten  in s tru c tio n s , incorpora ting  an exp lanation
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of the concept of rhyme and te s t s  of th e ir  rhyming a b i l i ty ,  followed by four 
p rac tice  t r i a l s  a t  the s t a r t  of the  video. If su b jec ts  asked fo r  a verbal 
d e f in itio n  of rhyme, they were to ld  th a t i t  re fe rre d  to  "words th a t have the 
same sound a t  the end". The w ritte n  in s tru c tio n s  a re  shown below.
INSTRUCTIONS;
This experim ent is  about lip read ing  rhyme. We o ften  find rhyme in songs and 
poems. Here a re  some examp les.•-
1) 'L i t t le  Bo Peep has lo s t  her sheep '
"2) 'Frogs and sn a ils  and puppy dogs t a i l s '
3) 'Twinkle, twinkle l i t t l e  s ta r ,  how I wonder what you a r e '
Can you think of two words th a t rhyme, like 'PEEP, SHEEP' o r 'SNAILS, TAILS' ?
< An example o f two words th a t do NOT rhyme is: 'PEEP, PIPE'
-  because they do not fin ish  w ith the same sound. )
Write a word th a t rhymes with 'CAT*: 
Now a word th a t rhymes with 'COOK':
In the ex e rc ise  th a t follow s, you have to  spo t, by lip read ing , words th a t rhyme 
and words th a t do not rhyme.
You w ill see  a woman on th is  film  s i le n t ly  saying p a irs  o f sh o rt words, like 
"bed, red" o r " line , pot". If you think the two words rhymed (like  "bed, red"), 
c irc le  the 'y es ' under RESPONSE fo r th a t t r i a l .
But if  you th ink they did not rhyme (like "line , pot"), c i rc le  the  'no' in stead . 
Then mark the CONFIDENCE sec tion  fo r th a t t r i a l  :
if  the t r i a l  was easy fo r you and you a re  su re  th a t you gave the r ig h t
response, c irc le  the number '1 ' under 'easy ' fo r th a t t r i a l .  If you think you
gave the r ig h t  response but you a re  not su re  about i t ,  c i rc le  the '2 ' under 
'not s u re ' in stead ; or, if  you could only guess w hether the  words rhymed or 
not, c irc le  the 'S' under 'guessed '.
If  you a re  no t su re  what you have to  do, p lease  ask me to  exp lain .
Now watch c lo se ly  the four p ra c tic e  t r i a ls .  I w ill show you the answer to the 
f i r s t  t r i a l ,  then you mark your answ ers to t r i a l s  2, 3 and 4.
I w ill g ive you the co rrec t answ ers to the p rac tice  t r i a l s  before we go on to  
the main ex e rc ise .
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The profoundly deaf and hearing  su b je c ts ' w ritten  rhymes were phoneraically 
c o rre c t, w ith the exception of the p a ir  CAT-KITE, produced by a profoundly deaf 
boy. This is  an in te re s tin g  a ttem p t because the words a re  o rthograph icaIly  
d is s im ila r  but reasonably s im ila r  in th e ir  visem ic and a r tic u la to ry  form. 
A dditional spontaneous examples by deaf su b jec ts  were CREEP-SLEEP and FRIDGE- 
BRIDGE. These ind icate an aw areness of the way rhymes a re  segmented (between 
the onset and the rime) bu t, s in ce  they are  o rthograph  ica I ly s im ilar, 
phonological awareness cannot be assumed to  be ev iden t. The same ap p lies  to  
a l l  the o th e r responses (HAT, BAT, MAT, PAT, FAT, SAT; LOOK. BOOK, TOOK, HOOK).
In playing the video record ing , re p e tit io n s  of p ra c tic e  t r i a l s  were perm itted  if  
su b je c ts  were unsure of th e ir  response but during the  experim ental t r i a l s  
su b je c ts  were encouraged to  guess ra th e r  than see a word p a ir  again. A 
re p e t it io n  was allowed if  the su b je c t 's  a t te n tio n  had been d ive rted  during a 
t r i a l .  Subjects were in s tru c te d  to  decide a f te r  each t r i a l  whether the two 
words rhymed or did not rhyme and to w rite  th e ir  answ ers on a response sh e e t. 
Id e n tif ic a tio n  of the words them selves was not req u ired , although some hearing  
su b je c ts  spontaneously im ita ted  the words aloud.
F a ilu re  to  w rite  any response was counted as an e r ro r .
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9.3 A nalysis
The mean co rrec t sco res (out of a maximum of 8) a re  shown in Table 9.4 below. 
Table 9.4: Mean correct scores (Profoundly deaf and Hearing groups)
Hearing (n=21) Profoundly deaf (n=21)
RHYME NON-RHYME RHYME NON-RHYME
SHARED SHARED
VISEME 6 .5 2 .6 VISEME 6 .8  3 .5
DIFFERENT DIFFERENT
VISEME 4 .4 7 .6 VISEME 5 .4  7 .5
Key ;
A C ** E xperim ental c o n d i t io n s  (in co n g ru e n t)
$
$$ *
B D * C on tro l c o n d itio n s  (cong ruen t)
There is  a c lea r trend in these  da ta  fo r lower sco re s  to  be achieved in the 
incongruent conditions B and C than in the congruent conditions A and D.
The use of c o a rticu la to ry  phenomena brought about a no tab le  reduction  in average 
performance on the incongruent conditions compared to  Experiment 2. This is  
ind icated  in Table 9.5, which compares the r e s u l t s  of the two experim ents. Note 
th a t the profoundly deaf sample in Experiment 2 was perform ing reasonably  w ell 
in condition C but the p resen t deaf sample, like the hearing  group, perform ed 
be low chance in th is  condition. Indeed, the hearin g  sample mean was 
s ig n if ic a n tly  below chance in a one-sample t - t e s t  on the  mean fo r condition  C 
(t= -3 .87, df=20, p<0.001), suggesting  a sy stem atic  b ia s  fo r th a t group.
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Table 9.5: Mean percen t co rre c t sco re s  (with Experiment 2  r e s u l ts  in brackets)
Condition Sample
Hearing Profoundly deaf
n=21 (n=28) n=21 (n=20)
Rhvme
A) SHARED-VISEME * 81.5 (85.3) 85.1 (89.4.)
B) DIFFERENT-VISEME « 54.8 (77.3) 67.3 (85.0)
Mean (rhyme) : 68.2 (81.3) 76.2 (87.2)
Non-rhyme
C) SHARED-VISEME « : 32.1 (57.1) 44.0 (81.9)
D) DIFFERENT-VISEME $ 94.6 (96.2) 94.0 (97.5)
Mean (non-rhyme) : 63.4 (76.7) 69.0 (89.7)
OVERALL MEAN : 65.8 (79.0) 72.6 (88.5)
* Congruent «  Incongruent
Figure 9.1 i l lu s t r a t e s  the co n tra s t between sco res  in the  congruent and 
incongruent word p a ir  types fo r the cu rren t samples.
A three-w ay an a ly sis  of variance (with repeated  m easures) was ca rried  ou t on 
these  data . Rhyme and Viseme were repea ted  measures fa c to rs  and Hearing 
s ta tu s  was an independent groups fa c to r . The r e s u l t s  a re  ou tlin ed  in Table 
9,6.
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CQM TJCÜLATION EXPERIMENT ( L i p r e a d i n g  r b v m e s )
mmmT vs, in c q n .q r u e n t . . w qrd  p a i r s
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Table 9.6: 3-way ana ly sis  o f variance: Rhyme by Viseme by Hearing s ta tu s
SOURCE SS DF MS F Slg. o f F
Between su b je c ts
Hearing s ta tu s 12.6 1 12.6 4.5 < 0.05
E rro r <H) 112.2 40 2.8
Within su b je c ts
Rhyme 9.5 1 9.5 2.5 N.S.
R X H 0.4 1 0.4 0.1 N.S.
E rror (R) 154.1 40 3.9
Viseme 77.4 77.4 46.6 < 0.0001
V X H 0.2 1 0.2 0.1 N.S.
E rror (V) 66.4 40 1.7
Rhyme x Viseme 414.9 1 414.9 106.1 < 0.0001
R X V X H 7.7 1 7.7 2.0 N.S.
E rro r (R x V) 156.4 40 3.9
( H = hearing  s ta tu s  R = rhyme V = viseme )
The ANOVA r e s u l t s  revealed  an extrem ely s ig n if ic a n t Rhyme x Viseme in te ra c tio n  
(F=106.1, d f= l,40 , p<0.0001) re g a rd le ss  of hearing  s ta tu s ,  although th e re  was a 
low but s ig n if ic a n t main e f fe c t fo r Hearing s ta tu s  (F=4.5, d f= l,40 , p<0.05).
As in Experiment 2, there  was a main e f f e c t  fo r Viseme (F=46.6, df= l ,40, 
p<0.0001), bu t th is  time i t  was much sm aller than the Rhyme by Viseme 
in te rac tio n , which accounted fo r 78% of the variance. All o th e r e f f e c ts  and 
in te ra c tio n s  were n o n -s ig n ifican t.
The main e f f e c t  fo r hearing s ta tu s  in d ica te s  th a t the profoundly deaf sample 
was again more su ccessfu l a t  lip read ing  o v era ll than the hearing  sample.
The Rhyme by Viseme in te rac tio n  of F=106.1 ind ica tes  a very c le a r  influence of 
visemic congruence in lip read  rhyme judgement, ir re sp e c tiv e  of hearing  s ta tu s .
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In o th e r words, Judgements about the phonemic re la tio n sh ip  between lip read  
words is la rge ly  dependent upon th e ir  visem ic s im ila r i ty , mediated by 
co a r tic u la tio n  e f fe c ts .  Thus, there  is  a tendency to id en tify  CVC word p a irs  
as rhyming when th e ir  vowel and f in a l consonant phonemes a re  from the same 
viseme group, and to  id en tify  p a irs  as non-rhymes when th e ir  vowel o r f in a l 
consonant phonemes appear to be from d if fe re n t  viseme groups, fo r example, 
when the in i t ia l  consonant phoneme in one word o f the p a ir  has a s tro n g  
c o a rtic u la to ry  e f fe c t  on the vowel (e.g. p ip-chip).
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9.4 D iscussion
As a n tic ip a te d , the incorporation of co a rtic u la to ry  phenomena in th is  
experim ental design helped to enhance the Viseme/Rhyrae in te rac tio n  e f fe c t 
observed in Experiment 2. The r e s u l t s  of Experiment 3 c le a rly  ind icate  th a t 
speech sounds cannot be derived from lipreading  with any r e l ia b i l i ty ,  as rhyme 
judgements were la rge ly  dependent on the visem ic s im ila r i ty  o f each word pa ir.
As in Experiment 2, shared-visem e non-rhymes showed a s tro n g e r  influence than 
the complementary incongruent condition , d iffe re n t-v isem e  rhymes, an a r te fa c t  
of the task . I t  would seem th a t because rhyme judgement in lipreading  
involves focusing  on the word endings, su b jec ts  were su ccess fu lly  able to 
ignore the m anipulated in i t ia l  phoneme in many of the d iffe re n t-v isem e  rhyme 
p a irs . However, the d iffe ren ce  between the r e s u l t s  in Experiment 2 and th is  
experim ent fo r d iffe ren t-v isem e  rhymes shows c lea rly  the influence of 
c o a rtic u la tio n  on vowel lip read ing  (see Table 9.5). The c o n tra s t in the o the r 
incongruous condition, shared-visem e non-rhymes, is  equally  dram atic. This can 
be a t tr ib u te d  to the use of a CVC form at as w ell as the consonant and vowel 
viseme m anipulation used in Experiment 2.'
In describ ing  the t e s t  m a te ria ls  chosen, i t  was pointed ou t th a t a high score 
in condition B (d ifferen t-v isem e rhymes) might be evidence of o rthographic 
coding, because of the sp e llin g  s im ila r i ty  w ithin many word p a irs . However, 
the drop in performance in both the incongruent conditions shows th a t,  if  
su b jec ts  do use sp e llin g  as a guide to rhyme when lip read ing , they were unable 
to  do so in th is  experiment because they were unable to  id e n tify  the words 
accu ra te ly  enough in the absence of contex t. I t is  q u ite  po ssib le  th a t
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su b je c ts  were not even a ttem p ting  to id en tify  the words in such lim ited 
circum stances.
The sev ere ly  d e le te rio u s  e f f e c t  of the two incongruent conditions combined, in 
comparison to  the congruent conditions, provides enough evidence to demonst­
r a te  th a t lip read ing  performance in profoundly deaf and hearing  samples can be 
s ig n if ic a n tly  influenced by m anipulation of visem ic fa c to rs  in speech percep­
tion . Words with a s im ila r lip read  appearance (visem es) tended to be judged as 
rhyming even when th e ir  vowels did not ac tu a lly  correspond (e.g. chip -  shape). 
Words th a t a c tu a lly  rhymed bu t d iffe re d  when lip read  because of c o a r tic u la tio n  
e f f e c ts  were o ften  judged to  be non-rhymes.
The fa c t th a t the hearing sample was worse o v e ra ll a t  th is  lip reading  task  
than the deaf sample su g g es ts  th a t lip reading  fo r rhyme may indeed be a purely  
v isu a l s k i l l  th a t does not involve a b s tra c t phonological coding. A fter a l l ,  
even if  p re lin g u a lly  profoundly deaf su b jec ts  did code lip read  inform ation 
phono log ica lly , one would no t expect the hearing  to  be a t  a disadvantage in 
th is  experim ent; one would expect th e ir  more so p h is tic a te d  phonological 
aw areness (desp ite  being a few years younger) to make th e ir  performance 
su p erio r, or a t  le a s t equal. I t  would be c o u n te r in tu itiv e  to explain the 
su p e r io r ity  of the deaf su b jec ts  with the claim th a t  they must be using 
phonological coding and the hearing must not use th is  mechanism; i t  is more 
parsim onious to conclude th a t n e ith e r  group used phonological coding in th is  
con tex t and the deaf group was then a t  an advantage due to  lipreading 
experience.
Furtherm ore, where lipread  p a tte rn s  (as in normal speech) were not p rec ise ly  
c o rre la te d  w ith the phonemic p a tte rn s  of the words used, su ccessfu l rhyme
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judgement dropped markedly in c o n tra s t w ith congruent word p a irs , re g a rd le ss  
of hearing  s ta tu s .  This supports  the conclusion th a t rhyme judgement in 
lip read ing  ta sk s  is  la rge ly  mediated by a v isu a l pattern -m atch ing  s tra te g y  in 
deaf and hearing  su b jec ts  a like  and th a t su c c e ss fu l rhyme judgement by 
profoundly deaf lip read e rs  cannot be taken as evidence of phonological coding, 
be i t  a b s tra c t,  aud ito ry  or a r tic u la to ry .
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Chapter 10: JUDGEMENT OF RHYME FROM PICTURE STIMULI
10.1 In troduction
Experiment 3 showed a dram atic e f f e c t  o f visemic incongruence in rhyme 
judgement of lip read  word p a irs .  This c a s ts  doubt on the  phonological coding 
hypothesis and ra is e s  the q uestion  of whether such viseme e f fe c ts  would 
emerge w ith o th e r  lin g u is tic  m a te ria ls  more remote from lip read ing .
Since lip read ing  is  prim arily  a v isu a l s k il l ,  i t  may be argued th a t visemic 
e r ro rs  a re  to  be expected in a lip read  rhyme judgement ta sk  such as those ju s t  
described , w hether sub jec ts  a re  deaf o r hearing. The su b je c ts  may simply 
employ the s tra te g y  of assuming th a t any words which rhyme must au tom atically  
look very s im ila r  on the lip s  and non-rhyming words must look unalike.
(Indeed, fo r deaf people, the thought process might be complementary: any words 
which look very s im ila r are  probably those which hearing  people c a ll 'rhymes'.) 
This would mean th a t phonological coding of lip read  speech had no t occurred, 
even fo r the hearing  su b jec ts , in the previous experim ents.
I t  would be in te re s tin g , th e re fo re , to  look fo r viseme e f f e c ts  in a context 
where such a d ire c t s tra te g y  o f observation  could no t be employed. One such 
contex t is  the task  of judging rhyme in the names o f s i le n t ly  p resen ted  
p ic tu re s , as  employed by Campbell & Wright (1988), in an experim ent described  
in sec tio n  5.2.4, examining o rthograph ic influences on rhyme judgement by 
congen ita lly  profoundly deaf ado lescen ts . Campbell & W right dem onstrated a 
marked e f f e c t  o f orthographic congruence fo r th e ir  deaf su b je c ts , with more 
e r ro rs  on orthograph ica lly  incongruent s tim u li (e.g. HAIR-BEAR, MAN-SWAN) than 
orthograph ica lly  congruent s tim u li (e.g. DOG-FROG, PIG-PEG). Orthography was
— 154—
th e re fo re  more dominant than phonology fo r th e se  su b jec ts . Reading-age 
matched hearing  co n tro l su b jec ts  performed v ir tu a lly  a t  ce ilin g  level on the 
task  and showed no e f f e c t  o f orthographic congruence, dem onstrating th e ir  use 
o f aud ito ry  and/or a r tic u la to ry  coding in making th e ir  rhyme judgem ents.
In the nex t experim ent, p ic tu re  s tim u li a re  used in a rhyme judgement ta sk  to  
examine phonological coding in a contex t o th e r than d ire c t speech percep tion  o r 
w ritten  rhyme Judgement. The scope of the experim ent is  broadened to  
in v e s tig a te  orthograph ic and sem antic in fluences as w ell as visem ic fa c to rs .
The experim ent involves p resen ting  individual deaf su b jec ts  w ith a s e r ie s  of 
s e ts  of p ic tu re s  of ob jec ts . Each s e t  con ta ins a 'stem ' p ic tu re  (e.g. a BEAR) 
and four p ic tu re s  beneath  i t ,  whose names f i t  in to  the  follow ing c a te g o rie s  :
rhyme ta rg e t -  orthograph ica lly  d is s im ila r  rhyme (e.g. a CHAIR);
orthographic d is  tra c to r  -  sp e llin g  s im ila r i ty  (e.g. a BEARD);
visemic d is  tra c to r  -  lip read  s im ila r i ty  (e.g. a PIE);
sem antic d is  t r a c to r  -  word a sso c ia tio n  (e.g. HONEY).
The sub jec t is  asked to po in t to  the p ic tu re  th a t  rhymes with the top (stem) 
p ic tu re . (In th is  example, CHAIR is the co rre c t match fo r BEAR.) Only one 
p ic tu re  in each s e t  re p re se n ts  a rhyme w ith the  stem  p ic tu re  and th is  rhyme is  
always orthograph ica lly  d iss im ila r, to  avoid confounding phonological s im ila r i ty  
w ith o rthographic s im ila r ity . The visemic and sem antic d is  t r a c to rs  a re  a lso  
orthograph ica lly  d is s im ila r , to  con tro l fo r o rthograph ic  influences.
S e ts  were mostly construc ted  around N itch ie 's  (1919) and W alther's (1982) l i s t s  
of 'homophenous' (visemic) words (e.g. bed-pen)t having se le c te d  those th a t 
could be i l lu s tr a te d  unambiguously as a drawing. These provided stem  and
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viseme ca teg o rie s , to which corresponding rhyme, o rthograph ic  and sem antic 
words were added. F u rth er s e t s  were based on da ta  from Hanson & McGarr 
(1988), who asked 15 congen ita lly  deaf ad u lts  to  g en era te  rhymes to  50 
s tim u lu s  words. Approximately h a lf  o f the responses they obtained were 
c o rre c t rhymes (usually  o rthograph  ica lly  s im ila r) , and 53% of the Incorrect 
responses bore orthographic s im ila r i ty  (usually  w o rd - in itia l s im ila r ity )  to  the 
s tim u lus word, e.g. D(X)R-DOG. These orthograph ica lly  s im ila r  non-rhymes were 
s u ita b le  cand idates as o rthograph ic  d is  tra c to rs  and were used to  c re a te  more 
s e ts  fo r use in the  p resen t experim ent. The same p a t te rn  of w o rd -In itia l 
o rthograph ic e r ro r  was incorporated  in the o rthograph ic  d is tra c to rs  in s e ts  
based on viseme p a irs .
P ast s tu d ie s  on hearing  s u b je c ts ' phonological coding o f p rin ted  word p a irs  
have g en era lly  used words d if fe r in g  only in th e ir  in i t i a l  consonant, e.g. HOME- 
SOME. The c la ss ic  experim ent of th is  type was th a t o f Meyer e t  a l. (19740, 
described  in sec tio n  5.2.3. They used 48 orthograph ica lly  s im ila r non-rhymes 
o f th is  type, which were examined fo r  th e ir  s u i ta b i l i ty  as s tim u li in the 
p re sen t experim ent. U nfortunately , 41 of them were found to  contain 
a d jec tiv es , verbs, function  words o r a b s tra c t nouns. The remaining 7 were 
concre te  nouns bu t would be d i f f i c u l t  to p o rtray  in a drawing (e.g. DEMON, 
LIVER). Campbell & Wright (1988) did succeed in assem bling 11 orthograph ica lly  
s im ila r  non-rhymes th a t could be drawn unambiguously, although two of th ese  
showed a sem antic re la tio n sh ip  (SHOE-TOE and BOOT-FOOT). Of the rem aining 9, 
one w ord-pair (BOWL-OWL) was found to be s u ita b le  as the b a s is  fo r a p ic tu re  
s e t  in the p resen t experim ent. (The d if f ic u lty  lay in find ing  th ree  ad d itio n a l 
app ro p ria te  words to complete a s e t ,  given th a t they must be id e n tif ia b le  from 
a p ic tu re ; o th e r s tu d ie s  have only d e a lt w ith word p a irs , no t 5-word s e ts .)
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Although the onthograph ica lly  s im ila r non-rhymes se le c te d  from Hanson & McGarr 
(1988) tended to  have w o rd - in it ia l ra th e r  than w o rd -fin a l shared le t t e r s ,  th is  
was considered ap p ro p ria te  fo r  two reasons. F ir s t ly ,  the fa c t th a t they had 
been produced by profoundly deaf ad u lts  suggested  th a t th is  group (and 
presumably profoundly deaf ch ild ren) have problems segm enting words c o rre c tly  
to  is o la te  the in i t ia l  consonant (the onset) from the  r e s t  of the sy lla b le  (the 
rime). Secondly, because they were produced by deaf su b je c ts , they a re  more 
like ly  to  be w ith in  a deaf c h ild 's  vocabulary.
A fu l l  l i s t  o f the words se le c te d  as su ita b le  fo r inclusion  in the proposed 
experim ent is  shown in Table 10.1.
In o rd er to  avoid making assum ptions about ch ild ren 's  vocabulary s ize  and the 
c la r i ty  of the p ic tu re s  used, a v a lid ity  study explored hearing  ch ild ren 's  
understanding  of the p ic tu re s  intended fo r the deaf sample. Hearing ch ild ren  
had to  be used in the p relim inary  study because a la rg e  sample of p re lin g u a lly  
profoundly deaf ch ild ren  could no t be obtained, given th a t they are  a m inority  
in the community and in heavy demand for re sea rch  purposes. I t  was f e l t  th a t,  
fo r th is  purpose, valuab le  inform ation coiild s t i l l  be gained from study ing  
younger hearing  children  instead .
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Table 10.1: I n i t i a l  w o rd lis t fo r  p ic tu re-rhym e experim ent
Key.: Rhyme -  orthograph ica l l y  d iss im ila r  rhyme
Orthog -  orthographic d is tra c to r
Viseme -  visem ic d is tra c to r
Semantic -  sem antic d is tra c to r
Stem-word
BED 1 
CHAIN 1 
MONK 1 
CRANE 2 
BEE 2 
CART 2 
KNIGHT 1 3 
BOAT 3 
WOOL 3 
SHOE 3 
DOOR 3 
BEAR 3 
BLUE 3 
BOWL ♦
P rac tice  s e t :  
KITE 2
Rhyme
(Target)
HEAD
CRANE
PUNK
TRAIN
KEY
HEART
BITE
NOTE
BULL
BLUE
CORE
CHAIR
TWO
COAL
LIGHT
Orthog
BEE
CHAIR
MOLE
CRASH
BED
CAN
EIGHT 3 
BOOT 3 
WOOD 3 
SHOP 3 
DOG 3 
BEARD 3 
BLOCK 
OWL ♦
FOX $
Viseme
PEN 1 
SHADE 1 
MUG 1 
GRATE 2 
BEAK 2 
GUARD 2 
NINE 1 
MOON 
ONE 
JAW 
TWO 
PIER
BALLOON 3
POOL
GUIDE 2
Semantic
PYJAMAS
DAISY
CHAPEL
WEIGHT
HONEY
HORSE
CASTLE
RIVER
KNITTING
FOOT
MAT
HONEY
SKY
CEREAL
WIND
1 Based on N itch ie 's  (1919) l i s t s  o f homophenes (visem es).
2 Based on W alther's (1982) l i s t s  o f homophenes (visemes).
3 Based on Hanson & McGarr's (1988) deaf pseudo-rhymes
♦ Based on Campbell & W right's (1988) incongruent non-rhyme
* Selected  fo r  orthographic d is s im ila r i ty , to  make the p ra c tic e  s e t  e a s ie r .
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10.1.1 Validity study of picture stimuli 
O bjectives
This study  explored the  ease with which the  75 p ic tu re s  proposed fo r the 
picture-rhym e experim ent could be named by hearing  ch ild ren . A fu r th e r  aim of 
th is  study  was to  gen era te  a l te rn a t iv e  p ic tu re  words f i t t in g  the experim ental 
design, to  rep lace  any ambiguous or obscure s tim u li. Three ta sk s  were 
involved: the f i r s t  ta sk  e l ic i te d  a l te rn a t iv e  sem antic d is tr a c to r s  to  the stem  
words; the second e l ic i te d  a l te rn a t iv e  rhymes and the th ird  was a sim ple 
p ic tu re  id e n tif ic a tio n  task . ( I t  was considered too com plicated to  e l i c i t  
visemic o r o rthograph ic d is tra c to rs  from young ch ild ren .) The ch ild ren  who 
p a rtic ip a te d  were informed of the se rio u s  purpose of the v a lid ity  s tudy  but 
the tasks were p resen ted  as a s e r ie s  of games to  avoid any te s t  anx ie ty .
Game 1 : Word a sso c ia tio n
This task e l ic i te d  the ch ild ren 's  sem antic a sso c ia tio n s  w ith the stem words 
chosen fo r the p ic ture-rhym e experim ent, in te rsp e rse d  w ith 'f i l l e r '  s tim u lus 
words having a common sem antic p a ir  (e.g. KING-QUEEN, TABLE-CHAIR, BACON-EGGS). 
C ertain  sem antic d is t r a c to r  words already  se le c te d  fo r  the p ic ture-rhym e 
experim ent were a lso  included in the s tim u lu s  l i s t .  In th is  way, p o te n tia lly  
obscure word a sso c ia tio n s  could be te s te d  fo r  th e ir  fa m ilia r ity  amongst 
ch ildren  and more s u ita b le  a l te rn a tiv e s  could emerge.
This game a lso  p resen ted  an opportun ity  to  t e s t  the ch ild ren 's  comprehension 
of re la tiv e ly  d i f f i c u l t  words chosen as visem ic or o rthograph ic d is t r a c to r s  
(e.g. PIER, GRATE, JAW). By including th ese  words in the stim ulus l i s t ,  the 
ch ild ren 's  sem antic a sso c ia tio n s  could be examined fo r ap tn ess; gaps in th e ir  
understanding would be revealed  l i te r a l ly  as  blanks on th e ir  answer sh e e ts .
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Game 2 ; Rhvme e l ic i ta t io n
This task  gave the children the same stim ulus words b u t e l ic i te d  rhymes r a th e r  
than sem antic a sso c ia tio n s  from them. This was both a  check on whether the 
ch ild ren  would produce the ta rg e t  rhymes already se le c te d  and a search  fo r 
a l te rn a t iv e  rhymes. As in Game 1, f i l l e r  words in common usage and with 
re g u la r  sp e llin g  were added to  the l i s t  of stim ulus words to  enhance the 
ch ild ren 's  confidence in perform ing the task .
Of the words e l ic i te d  in both games 1 and 2, only those  th a t rep resen ted  
o b jec ts  th a t could be drawn unambiguously would be u sab le . This was no t 
emphasised in Game 1 because o f the prim ary concern w ith  task  demands, bu t in 
Game 2 the need fo r ob ject names was explained to  reduce the likelihood o f 
ch ild ren  producing nonwords or vague concepts to rhyme w ith the stim ulus 
w ords.
Game 3 ; P ic tu re  id e n tif ic a tio n
Seven ty -five  hand drawn p ic tu re s  of ob jec ts  were used, corresponding to  the  
f i f te e n  s e ts  of words l is te d  in the In troduction  (Table 10.1), but i t  was 
an tic ip a ted  th a t a sub se t of th e se  -  perhaps ten s e t s  -  would be accepted fo r 
the p ic tu re-rhym e experiment a f te r  ambiguous p ic tu re s  were elim inated through 
th is  study .
The task  co n sis ted  of iden tify in g  the word i l lu s t r a te d  by each p ic tu re . This 
task  was p resen ted  la s t  to  avoid channeling the ch ild ren 's  c re a tiv e  th inking in 
the o th e r ta sk s . This was considered more im portant than the r isk  of s e t t in g  
the ch ild ren  up in Games 1 and 2 w ith the r ig h t vocabulary to  id en tify  the 
p ic tu re s . The l a t t e r  was co n tro lled  fo r by te s t in g  ano ther group of young 
hearing  ch ild ren  on Game 3 only, a f te r  m odifications to  the p ic tu re s  based on 
the find ings o f th is  v a lid ity  study .
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S u b je c ts
22 n in e -y ea r-o ld s  and 23 e lev en -y ear-o ld  hearing  ch ild ren  took p a r t  in the 
study . These age groups were se lec ted  as approxim ate read ing-age co n tro ls  fo r 
tw elve- to s ix te e n -y e a r-o ld  deaf su b jec ts , to  be used in the main experim ent. 
The children  a ttended  a local Church o f England school In mixed a b i l i ty  
c la sse s . Two ch ild ren  (one aged nine and one aged eleven) fa ile d  to  complete 
the tasks and were excluded from the an a ly sis . One fu r th e r  ch ild  aged nine 
fa ile d  to  attem pt the th ird  task  only. All su b je c ts  were repo rted  to  have 
normal hearing.
Procedure
The tasks were conducted in c la ss . The p rin ted  in s tru c tio n s  fo r the th ree  
games are  shown o v erlea f. Each child  was given an answer sh ee t w ith the 
s tim u lus words fo r Games 1 and 2 typed in the same o rder down one s id e  of 
each page. To co n tro l fo r o rder e f fe c ts ,  the  o lde r c la ss  was in s tru c te d  to  
work up the l i s t s  in rev e rse  o rder. I t  was f e l t  th a t  the o lder ch ild ren  would 
be le ss  confused by th is  req u es t. Although th is  procedure confounds o rder 
e f fe c ts  with age e f fe c ts ,  i t  was not p o ssib le  to  vary the o rder w ith in  c la ss e s , 
as  the stim ulus words were read  out aloud to  each c la ss  by the experim enter. 
This was to ensu re  th a t the words were no t m isread by the ch ild ren  and a lso  
to  con tro l the amount of time spen t on each word.
The time fa c to r  ( f if te e n  seconds per word) was emphasised in Game 1 to 
enhance rap id  f re e  a sso c ia tio n , although th is  was in fa c t ample time to  
respond. Ten seconds were allowed per word fo r Game 2 to avoid boredom, s ince  
th e re  a re  fewer rhymes than sem antic a sso c ia tio n s  av a ilab le  fo r each word. 
Again, th is  was genera lly  ample, but e x tra  time was allowed i f  needed.
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INSTRUCTIONS
Game 1
In the f i r s t  p a r t  o f th is  s tudy , I want you to  help me think of words which go 
to g e th e r commonly. For each word in the l i s t ,  I want you to  w rite  down the 
f i r s t  word i t  makes you think o f -  p re fe rab ly  an o b jec t no t an action  o r idea.
For example, i f  the word is  CAT, you might w rite  down 'mouse' on the do tted  
line.
If  you th ink  o f more than one word, w rite  them a l l  down on the same line , bu t 
no te  th a t  you w ill only have about 15 seconds befo re  the  nex t word is  given.
If you c a n 't  think of a word a t  a l l  in the  time allowed, leave th a t space blank 
and move on to  the next word.
If you don 't understand a word, pu t a question  mark (?) on the line and move 
on. Remember: th is  is n 't  a  t e s t  -  th e re  a re  no wrong answ ers.
When you a re  a l l  ready I w ill read  ou t the words in th is  l i s t  one by one, 
g iv ing you a sh o r t time to w rite  your answer a f te r  each word.
Game 2
This game is  the  same as the f i r s t  one, bu t th is  time I want you to  think of 
only rhyming words. Again, I would like them to  be o b je c ts  if  possib le , ra th e r  
than ac tio n s , ideas or nonsense words.
For example, i f  the word is  CAT, you might w rite  down 'h a t ' on the do tted  line . 
Words like 's a t ',  'f a t '  and 'g la t ' would no t be so h e lp fu l (although they do 
rhyme) because I am looking fo r names o f o b jec ts  th a t I w ill be able to  draw 
c learly .
(Colours and numbers a re  accep tab le  because they can be drawn eas ily .)
If you a re  no t su re  about a word you have thought o f, w rite  i t  in anyway. I 
may s t i l l  be ab le  to  use i t .
As in Game 1, leave the line blank if  you cannot think o f a rhyme and pu t a 
question  mark (?) if  you do no t understand  the word given.
I w ill read  ou t each word, as in Game 1.
Game 3
For the f in a l  p a r t  of th is  study , I would like you to  look a t  the p ic tu re s  I 
have brought and w rite  down the word each p ic tu re  d esc rib es.
For example, i f  you saw a p ic tu re  of a ca t, you would w rite  'c a t '.
If the card  shows a colour, w rite  the name of the co lour, e.g. 'g reen ';
If i t  shows a number, w rite  the number word, e.g. 'fo u r '.
If you do n o t know the name o f the ob ject, pu t a questio n  mark (?) on th a t 
line . If  you simply cannot t e l l  what the p ic tu re  is  supposed to  be, have a 
guess or leave blank.
I want you to examine each p ic tu re  d isplayed around the  classroom . W rite your 
answer on the nex t page, on the lin e  w ith the same p ic tu re  number, then move 
on to ano ther p ic tu re  as quickly as p ossib le . Make s u re  you see  a l l  p ic tu re s .
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The f in a l p a r t  of the answer sh e e t contained a l i s t  o f p ic tu re  numbers, co rres­
ponding to the 75 p ic tu re s  d isplayed on the  classroom  w alls, w ith a space 
beside  each number. The p ic tu re s  were arranged in th e ir  s e ts  bu t the purpose
of the layout was not explained to  the ch ild ren , s in ce  the aim of th is  task  was
simply to  e s ta b lish  whether the p ic tu re s  them selves were ea s ily  named. One of 
the  p ic tu re  s e ts  is  shown in F igure 10.1 and a l l  f i f te e n  s e ts  a re  shown in 
Appendix 2. The ch ild ren  were in s tru c ted  to  in spect the  75 p ic tu re s  in any 
o rd er and w rite  down what the p ic tu re  showed, using a s in g le  word.
In a l l  th ree  games, i t  was s ta te d  th a t the sp e llin g  of a word was no t c r i t ic a l ,
so  th a t  in cases o f u n ce rta in ty  the su b jec t should use th e ir  own sp e llin g .
This would encourage ch ild ren  to  w rite  down a l l  the words they thought of, 
r a th e r  than only those they could sp e ll w ith confidence.
Response c r ite r ia
In a word asso c ia tio n  te s t  such as Game 1, th e re  a re  no s in g le  'c o rre c t ' 
answ ers, and a wide range of responses was th e re fo re  expected. The m ajority  
o f the su b jec ts  were not expexcted to give the same sem antic a sso c ia tio n s  to  
the stem  words as the sem antic d is tra c to rs  se le c te d  fo r the p ic ture-rhym e 
experim ent. For th is  reason , a low proportion  (15%) o f responses id e n tic a l to  
the p rese lec ted  sem antic d is tr a c to r s  was chosen a s  the c r ite r io n  to  demons­
t r a t e  support fo r th a t d is tr a c to r .  Furtherm ore, Game 1 demanded spontaneous 
r e c a ll  of sem antic a sso c ia tio n s , whereas the p ic tu re-rhym e experim ent involves 
only recogn ition  of the sem antic re la tio n sh ip  between two p ic tu re s . Thus, 
although su b jec ts  may not spontaneously produce the same word a sso c ia tio n  in 
Game 1 as the experim enter has done (e.g. BEE-HONEY), they are  much more 
like ly  to recognise the a sso c ia tio n  when p resen ted  w ith th ese  two words as 
p ic tu re s .
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F ig u re  10.1: example p ic tu r e  s e t  (V a lid i ty  s tu d y )
6ET 4
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I t  should be borne in mind th a t the main aim of Games 1 and 2 was to  e l i c i t  
a l te rn a t iv e  words to  s u b s t i tu te  fo r any p ic tu re s  th a t  were likely  to  be beyond 
the deaf ch ild ren ’s vocabulary. Despite in s tru c tin g  the su b jec ts  to g ive names 
o f ob jec ts  ra th e r  than a b s tra c t  term s, i t  was a n tic ip a te d  th a t they would not 
be ab le  to  do th is  c o n s is te n tly . Some proportion  o f the da ta  would th e re fo re  
be unusable and any h ighly  su ita b le  responses (i.e . e a s ily  recognised when 
drawn) would be worth te s t in g  on a fu r th e r  p i lo t  sample, re g a rd le ss  o f the 
ab so lu te  number of su b je c ts  producing the word in th is  t e s t .  Where more than 
one s u ita b le  a l te rn a t iv e  was produced, the one w ith the h ig h est response r a te  
would be used. Any s u ita b le  a lte rn a tiv e  having a h igher response r a te  than 
the o rig in a l se lec tio n  would be used in p reference  to  the o rig in a l, w ith new 
drawings being produced and te s te d  on the r e l i a b i l i ty  p ilo t  sample.
For the p ic tu re  id e n tif ic a tio n  task  (Game 3), accuracy was c lea rly  more 
im portant, as th is  re la te d  d ire c tly  to the p ic tu re-rhym e experim ent, where 
id e n tif ic a tio n  of a sp e c if ic  word fo r each p ic tu re  is  c r i t ic a l  to  the 
experim ent. A c r ite r io n  o f 90% success r a te  was th e re fo re  adopted. However, 
p ic tu re s  fo r which 60 -  90% of the sample su c c e ss fu lly  id e n tif ied  the  intended 
word would, where possib le , be redrawn o r improved and te s te d  again on the 
r e l ia b i l i ty  p ilo t  sample. This was p re fe rab le  to  immediate re je c tio n  if  no 
su ita b le  a l te rn a tiv e  word had been produced in Game 1 o r 2, because the  lo ss  
of one p ic tu re  would u su a lly  mean the loss of the fo u r rem aining p ic tu re s  in 
the s e t .
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R e su lts
A fu l l  l i s t  o f su b je c ts ' responses is  given in Appendix 2.
Game 1; Word a sso c ia tio n s
Five of the p ic ture-rhym e experim ent stem words e l ic i te d  the  p rese lec ted  
sem antic d is t r a c to r  more freq u en tly  than any o th e r response (BEE-HONEY, MONK- 
MONASTERY, CART-HORSE, BOAT-RIVER and SHOE-FOOT) and fou r o f the e ig h t 
sem antic d is t r a c to r s  included in the stim ulus l i s t  e l ic i te d  th e ir  stem word 
(reverse  a sso c ia tio n ) more frequen tly  than any o th e r word (PYJAMAS-BED, SKY- 
BLUE, HONEY-BEE, and HORSE-CART).
The stem CART e l ic ite d  the response HORSE in 21 of the 45 su b jec ts , the 
h ig h est p roportion  to  g ive exactly  the same a sso c ia tio n  as a sem antic 
d is tra c to r  a lready  se lec ted  fo r the p ic ture-rhym e experim ent. The low est 
proportion th a t  was s t i l l  considered accep tab le  was 7 ou t of 45, fo r BEAR- 
HONEY. This exceeded a c r ite r io n  o f 15% e l ic i ta t io n .
Of the f i f te e n  stem words given, only four fa ile d  to ta l ly  to  e l i c i t  the 
p rese lec ted  sem antic d is tra c to r .  These were: BED-PYJAMAS, KNIGHT-CASTLE, CRANE- 
WEIGHT and CHAIN-DAISY. However, CASTLE and PYJAMAS were amongst the e ig h t 
sem antic d is tr a c to r s  added to the stim u lus l i s t  and th e se  did e l i c i t  the stem 
words with accep tab le  frequency (16% and 40%). The stem CRANE did e l i c i t  
words re la te d  to  WEIGHT (LIFT, HEAVY) in 18% of the sample, bu t s ince  these  
are  not concre te  nouns, they cannot be drawn as p ic tu re s . The r e s u l t s  fo r the 
f if te e n  p ic tu re-rhym e experim ent stem words a re  shown in Table 10.2.
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Table 10.2; E lic i ta tio n  o f p re se le c ted  and novel sem antic  a sso c ia tio n s
Stem Semantic distractor Suitable alternative
CART HORSE (47%) -
BEE HONEY (31%) -
SHOE FOOT (29%) -
BLUE SKY (29%) RED/PINK/... (69%)
BOAT RIVER (27%) -
WOOL KNITTING (24%) SHEEP (29%)
MONK MONASTERY (22%) NUN (18%)
BEAR HONEY (16%) -
KITE WIND ( 7%) STRING (18%)
BOWL CEREAL ( 4%) SPOON (18%)
DOOR MAT ( 2%) HANDLE (27%)
BED PYJAMAS 
[ reversed  :
( 0%) 
40% ]
PILLOW (10%)
KNIGHT CASTLE 
[ reversed  :
( 0%)
16% ]
DRAGON ( 2%)
CRANE WEIGHT 
[ LIFT .HEAVY
( 0%)
18% ] ■
LORRY ( 4%)
CHAIN DAISY ( 0%) PADLOCK (20%)
Acceptable a lte rn a tiv e  sem antic d is t r a c to r s  produced by the ch ild ren  more 
freq u en tly  than the p rese lec ted  choice were: BLUE-RED, WOOL-SHEEP, DOOR-HANDLE, 
CHAIN-PADLOCK, BOWL-SPOON, KITE-STRING, CRANE-LORRY, and KNIGHT-DRAGON.
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Four low frequency words from the p ic tu re-rhym e experim ent ( th ree  visem ic 
d is tra c to rs  and one ta rg e t  rhyme) were included in the s tim u lus l i s t  to  t e s t  
the ch ild ren 's  comprehension of th ese  term s: GRATE, PUNK, JAW and PIER.
Only nine ch ild ren  asso c ia ted  GRATE w ith a f i r e .  The most common response 
(62%) was to  see  the  word as  a verb and link i t  w ith cheese o r shredding.
A fu r th e r  two ch ild ren  thought of d ra in s . One ch ild  pu t a q uestion  mark to 
ind ica te  incomprehension and fiv e  su b je c ts  m isin te rp re ted  the  sp e llin g  as  
GREAT, to  judge from th e ir  responses (FANTASTIC, e tc .).
However, the o th e r  th ree  words did no t p resen t much d if f ic u lty .  Three su b jec ts  
re la te d  JAW to the film  'Jaws' bu t the  commonest responses were: TEETH (n=21), 
MOUTH (n=12), BONE (n=6) or GUM (n=5). ;
Two su b jec ts  placed a question  mark ag a in s t PIER and one responded FROM, 
possib ly  ind ica ting  'peer from (a fa r) ', bu t the o th e r responses were re la te d  to 
the seaside  o r the sea.
The ch ild ren 's  d esc rip tio n s  of PUNK were convincingly graphic: ROCKER (n=12) 
SPIKEY/MOHICAN HAIR (n=16), IDIOT (n=3), fo r example.
Game 2; Rhymes
The aim of th is  ta sk  was to id en tify  w hether the su b jec ts  could produce more 
su ita b le  orthograph  ica lly  d iss im ila r rhymes than the ta rg e t  rhymes a lready  
se lec ted  fo r the p icture-rhym e experim ent. All f i f te e n  ta rg e t  rhymes were 
e l ic ite d  to  some degree; four of them more freq u en tly  than a l te rn a t iv e  rhymes 
produced (BED-HEAD, KITE-LIGHT, CART-HEART and MONK-PUNK, although the l a t t e r  
was influenced by the inclusion of PUNK as  a low frequency s tim u lus word in 
Game 1).
S u itab le  a l te rn a t iv e s  given by the ch ild ren  a re  shown in Table 10,3.
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Table 10.3: E llcltatlcm i o f p re se le c ted  and novel rhymes
Stem Target rhyme Suitable a lternative
MONK PUNK (38%) TRUNK (11%)
BED HEAD (36%) -
CART HEART (29%) -
WOOL BULL (22%) -
KITE LIGHT (20%) KNIGHT ( 9%)
BOWL COAL (16%) MOLE
FOAL
#0%)
( 4%)
DOOR CORE (11%) SAW
PAW
(7% )
(2% )
KNIGHT BITE (11%) WHITE
KITE
(2% )
U3%)
SHOE BLUE (11%) ZOO
GLUE
(2% )
(7% )
BEE KEY ( 9%) -
BLUE TWO ( 9%) ZOO
SHOE
(2% )
(18%)
CHAIN CRANE ( 9%) PLANE ( 2%)
CRANE TRAIN ( 4%) ' CHAIN ( 4%)
BEAR CHAIR ( 4%) HAIR
MAYOR
(29%)
(7% )
BOAT NOTE (2% ) -
The responses confirm th a t hearing  children  have access  to  a phonological code, 
because they a re  able to  produce orthographica 1 ly d is s im ila r  rhymes. (That is , 
they were no t merely re c a llin g  words w ith s im ila r sp e ll in g  to  the s tim u lus 
word.) N onetheless, they tended more o ften  to  produce orthograph ica lly  s im ila r
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rhymes to  stim ulus words with re g u la r  sp e llin g . There ahe occasional 
examples o f orthograph ic dominance over phonology, where su b jec ts  responded 
with a non-rhyming word having s im ila r sp e llin g  e.g. BEAR-CLEAR, EIGHT-HEIGHT, 
WOOL-SCHOOL. This is  i l lu s tr a te d  in Table 10.4 below.
Table 10.4: Orthographic sim ilar ity  in rhyme responses (no. o f responses)
Regular
BOAT
CART
KNIGHT
CHAIN
CRANE
BED
BEE
KITE
Irregular
DOOR
BLUE
BEAR
MONK
SHOE
BOWL
WOOL
Sim ilar rhyme D issim ilar rhyme
47
37
35
27
19
18
16
12
211
28
11
9
0
0
0
0
48
3
13
14 
18 
21 
36 
39 
42
186
29
35
40 
44
41 
38 
28
255
Sim ilar non-rhyme
0
0
0
0
0
0
0
0
23
( FEAR, HEAR, CLEAR )
( KONK )
( COE )
( FOWL, COWL >
( POOL, SCHOOL, COOL,
FOOL, DROOL, TOOL )
There was a no tab le  o rthograph ic  influence on some ch ild ren , in th a t  th e i r  
sp e llin g  was o ften  primed by the stim ulus word when the l a t t e r  was ir re g u la r ,  
e.g. BOWL-SOWL. Indeed, the responses FOWL and COWL may have been in tended to  
re p re se n t FOAL and COAL, re sp ec tiv e ly , and a lso  FEAR may rep re sen t FAIR.
Orthograph ica lly  d is s im ila r  rhymes s u ita b le  as a l te rn a t iv e  ta rg e ts  fo r  the  
p ic ture-rhym e experim ent w ill be examined in the  D iscussion.
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Game 3; Picture Identif ication
Since th is  ta sk  was more c e n tra l to  the proposed experim ent, the r e s u l ts  were 
broken down by age group. O verall, the e lev en -y ea r-o ld s  were more accu ra te  
than the n in e -y e a r-o ld s  a t  c o rre c tly  iden tify in g  the p ic tu re s .
In 55 o f the 75 p ic tu re s , over 90% of the o lder group c o rre c tly  id e n tif ied  the 
word being dep icted , but in the younger group th is  m easure o f success was only 
obtained in 50 ou t of 75 p ic tu re s . However, under 60% success occured in only 
8 of the p ic tu re s  fo r the o lder group and 10 p ic tu re s  fo r  the younger 
su b jec ts . These notab le  fa ilu re s  a re  ou tlin ed  in Table 10.5 below.
T ab le  10 .5 : P ic tu r e s  w ith  under 60% su c c e s s  f o r  one o r  b o th  groups
P ic tu r e  % c o r r e c t  % c o r r e c t
( l l y r s . )  ( 9 y r s .)
SHADE 0 0
DAISY 17 20
GRATE 26 10
BLOCK 30 45
GUARD 30 25
BITE 35 70
LIGHT 48 90
CAN 57 55
FOX 65 30
BEAK 70 35
GUIDE 91 40
PIER 91 45
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All of these  p ic tu re s  were re je c ted  fo r  fa ll in g  to meet the 60% id e n tif ic a tio n  
c r ite r io n . They were un su itab le  because o f am bigu ities e i th e r  in the name of 
the p ic tu re  (e.g. SHADE and BITE were no t concrete nouns) o r in the artw ork 
i t s e l f  (e.g. the FOX could be m istaken fo r a ca t), o r in the leve l o f vocabulary 
requ ired  (e.g. PIER, GUARD).
P ic tu res  reaching between 60-90% id e n tif ic a tio n  were re je c te d  in favour of 
su ita b le  a l te rn a t iv e s ,  o r e lse  modified o r redrawn, where p ossib le . The 
re je c ted  p ic tu re s  and th e ir  replacem ents a re  shown in Table 10.6 below. 
A sterisk s ind ica te  members of a s e t  re je c te d  com pletely r a th e r  than adapted. 
(For example, KNITTING, BULL, WOOD and WOOL a l l  came from one p ic tu re  s e t .)
T ab le  10 .6 : P ic tu r e s  w ith  60-90% su c c e s s fo r  one o r  bo th groups ( r e je c te d )
P ic tu re % c o r r e c t % c o r r e c t Replacem ent
( l l y r s . ) ( 9 y r s . )
CORE 74 65 SAW
RIVER 74 65 SEA
SKY 74 75 $
MUG 87 65 $
KNITTING 87 85 *
CRASH 87 90 CARROT
BULL 91 70 $
JAW 91 70 SAW
CEREAL 96 70 SPOON
MONK 96 75 *
WOOD 96 75 $
WOOL 96 85 *
WEIGHT 96 85 TRUCK
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T ab le  10 .7 : P ic tu r e s  w ith  60-90% su c c e ss f o r  one o r  b o th  g roups (m o d ified )
P ic tu r e % c o r r e c t % c o r r e c t
( l l y r s . > ( 9 y r s . )
HEAD 78 70
BOOT 78 90
TRAIN 78 90
BEARD 83 70
NOTE 91 70
CART 96 80
CHAIR 100 90
The p ic tu re  of a HEAD had been drawn as a p ro f ile  s ilh o u e tte ,  which led two
older su b je c ts  to name i t  'shadow' and 's i lh o u e tte '.  However, the main problem
was w ith su b je c ts  ca llin g  i t  'face '. I t was decided to  draw a 3-dim ensional 
head on a sc u lp to r 's  stand  (to  avoid su b jec ts ' see ing  i t  as a man').
The BOOT was sometimes id e n tif ie d  as a 'W ellington b o o t' o r 'w eH ie', so i t  was 
decided to draw a woman's fash ion  boot instead .
The storybook p ic tu re  of a steam  TRAIN was m istaken fo r  a tra c to r  by two 
su b jec ts , so i t  was replaced with a drawing of a modern, h igh-speed  tra in .
The BEARD was named 'face ' by four su b jec ts , 'f i r e ' by one and unnamed by two.
The beard was redrawn more r e a l is t ic a l ly .
The NOTE was named 'music' by a few children, so the  n o te  i t s e l f  was enhanced 
a g a in s t the background s tav e .
Four ch ild ren  named the CART 'hay', ind icating  the drawn con ten ts  of the c a r t .  
The hay was subsequently  erased .
The DOG was seen as a puppy by two su b jec ts , so i t  was redrawn to look more 
adu lt.
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D iscussicm
I t  Is ev iden t from the p ic tu re  id e n tif ic a tio n  r e s u l t s  th a t where the p ic tu re  
word is  an a b s tra c t  noun or a verb (e.g. SHADE, LIGHT, BITE), many children have 
s tru g g le d  to  iso la te  the intended word (see Table 10.5), naming any prominent 
ob ject Instead . Age d iffe re n ces  can be seen in c e r ta in  words (e.g. FOX, BEAK, 
GUIDE, PIER) sugg estin g  the influence of experience on reco g n itio n  of these 
ob jec ts . Archaic ob jec ts  (e.g. GRATE) a re  problem atic fo r both groups. Many of 
the problems w ith o th e r words can be presumed to  a r is e  from the q u a lity  of 
the  drawing (e.g. BEARD seen as 'f i r e '  and 'l ig h t ' by some ch ild ren  in each age 
group). Those p ic tu re s  were subsequen tly  modified o r redrawn to  reduce such 
confusions. On the o th e r hand, the d iv e rs ity  of the  English language i t s e l f  
was a fu r th e r  in te rfe r in g  fac to r . For example, i t  is  p e rfe c tly  leg itim ate  to 
c a ll a p ic tu re  of a CAN a 't in ' or to  label the GUARD 'Scots Guardsman',
's e n try ' o r even 'so ld ie r '.
Where such problems emerged w ith ta rg e t  rhymes or sem antic d is  tra c to rs  and 
su b jec ts  had produced more re lia b le  a l te rn a t iv e  words in Games 1 and 2, the 
p ic tu re s  were replaced with new draw ings. For example, th e  p ic tu re  of CEREAL 
(the sem antic d is  tr a c to r  fo r BOWL) tended to  be labe lled  'b ird  seed ' (n=7), so 
i t  was decided to  r e fe r  back to the su b je c ts ' most freq u en t word asso c ia tio n  
fo r BOWL, which was SPOON (n=8) and draw a spoon in s tead , s in ce  th is  is  a more 
e a s ily  id e n tif ia b le , concrete ob ject.
The p ra c tic e  s e t  with the stem KITE, which had problems w ith the ta rg e t rhyme 
LIGHT and the sem antic d is  t r a c to r  WIND, w ill be rep laced  w ith  sim pler, concrete  
ob jects  e.g. PEN (stem), HEN (ta rg e t rhyme), BOOK, MAP and KITE (as a l te rn a t iv e  
random choices). True d is  tr a c to rs  (sem antic, visem ic and o rthograph ic) a re  no 
longer considered  necessary  in a p ra c tic e  t r i a l ,  the aim o f which is  simply to
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fa m ilia r is e  the  su b jec t w ith the  in s tru c tio n s  and provide feedback. I t  is  
p re fe ra b le  fo r  the ch ild 's  confidence th a t th is  should be p o s itiv e  feedback, so 
the p ra c tic e  t r i a l  should be made as easy as  p o ssib le .
In tra c ta b le  problems with id en tify in g  stem words from the p ic tu re s  (e.g. MONK 
lab e lled  as  'p r ie s t ' by 16% of su b jec ts ), a r is in g  from immature vocabulary 
ra th e r  than poor artw ork, meant th a t the e n t i r e  s e t  o f f iv e  p ic tu re s  had to  be 
elim inated . Wastage was allowed fo r in the design  o f th is  study, however.
Poor perform ance on the visem ic d is  tra c to rs  causes the most d if f ic u lty  fo r 
p ic tu re  m odification , since  th ese  words were g en era lly  the h ard est to  find .
The ch ild ren  in th is  study  were not e n lis te d  to  produce a l te rn a t iv e s  s in ce  the 
viseme concept is  too complex to teach them. N onetheless, the v a lid ity  study  
made i t  c le a r  th a t the use of advanced vocabulary, a b s tra c t  concepts and verbs 
should be avoided in the design  of a l te rn a tiv e  p ic tu re s . Thus, MAZE was 
chosen as a s u ita b le  a l te rn a t iv e  to  BEAK (more o fte n  seen as 'b ird ') , GATE was 
s u b s t itu te d  fo r  GUARD, and PIE was considered le ss  a b s tr a c t  than PIER. The 
ch ild ren 's  sem antic a sso c ia tio n  of GRATE w ith cheese led to  the s u b s t i tu t io n  of 
a GRATER fo r the f i r e  g ra te .
S im ilarly , the children in th is  study  were no t req u ired  to produce a l te rn a t iv e  
o rthograph ic d is tra c to rs ,  so any of these p ic tu re s  a sso c ia ted  with vocabulary 
d i f f ic u l t i e s  had to  be rep laced  a fresh  with new words to  be te s te d  on the 
r e l i a b i l i ty  sample. Thus, CARROT was considered le ss  ambiguous than CAN, and 
CRAB was s u b s t i tu te d  as a more concrete noun than CRASH. In add ition , BELL 
replaced  BED as  the o rthograph ic d is  tr a c to r  fo r BEE because, although BED was 
e a s ily  id e n tif ie d  by the ch ild ren , BED and BEE had a lread y  been used to g e th e r 
in a prev ious s e t  and i t  was considered p re fe ra b le  to  vary the s tim u li more.
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Of the o rig in a l f if te e n  p ic tu re  s e ts  l is te d  in the In troduction  (Table 10.1), 
fou r complete s e ts  were elim inated  (stem s: BLUE, MONK, WOOL, CHAIN), e ig h t 
p ic tu re s  were redrawn (CHAIR, BEARD, HEAD, DOG, TRAIN, BOOT, BLUE, KITE) and nine 
rep laced  w ith new p ic tu re s  based on the ch ild ren 's  a l te rn a tiv e  words (SPOON, 
PILLOW, WHITE, DRAGON, SAW, HANDLE, GRATER, TRUCK, SEA). As described  above, ten 
p ic tu re s  were replaced where no a l te rn a t iv e  could be provided by the  ch ild ren  
(PEN, HEN, BOOK, MAP, MAZE, GATE, PIE, CARROT, CRAB, BELL).
A f u l l  l i s t  o f the  ten p ic tu re-w ord  s e t s  se le c te d  as  s u ita b le  fo r  inc lusion  in 
the p icture-rhym e experim ent is  shown in the r e l i a b i l i ty  study.
The v a lid ity  s tudy  was b en efic ia l in providing evidence th a t young ch ild ren 's  
sem antic a sso c ia tio n s  (Game 1) o ften  coincided w ith the p rese le c ted  sem antic 
d is  tra c to r  s tim u li, and where they did no t, the ch ild ren  supplied  more popular 
a l te rn a tiv e s . The same was tru e  of rhyme e l ic i ta t io n  (Game 2), which amply 
dem onstrated hearing  ch ild ren 's  a b i l i ty  to  produce rhymes. The p ic tu re  
id e n tif ic a tio n  task  (Game 3) was p a r tic u la r ly  valuable in a sse ss in g  the 
artw ork. Half o f the f in a l s e le c tio n  of p ic tu re s  needed no m odification  
whatever and a fu r th e r  seven p ic tu re s  were modified to some degree. These 
adjustm ents and the new p ic tu re s  were then te s te d  in the r e l i a b i l i ty  study .
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10.1.2 R e lia b ility  s tudy
The aim of th is  study  was to p ilo t  the modified, rep laced  and re ta in e d  p ic tu re s  
in a second p ic tu re  id e n tif ic a tio n  task  using a new sample o f hearing  ch ildren .
S u b je c ts
F o rty -s ix  ch ild ren  with a mean age o f 10.8 p a rtic ip a te d  in th is  study . They 
a ttended  the same school as  the prev ious sample. T heir hearing  was rep o rted  
to  be normal.
M ateria ls
The ten p ic tu re-w ord  s e ts  se le c te d  from the v a lid ity  s tu d y  as su ita b le  fo r 
inclusion in the p icture-rhym e experim ent a re  shown in Table 10.8, along w ith 
the new p ra c tic e  s e t .  Eight ind iv idual p ic tu re s  to be used fo r naming 
ex erc ises  were included in the s tim u li. These were: BALLOON, CHURCH, CASTLE, 
CORE, MAT, WOOL, CHAIN, SHEEP.
Response c r ite r ia
Again, 90% su c c e ss fu l word id e n tif ic a tio n  was chosen as  the  se le c tio n  
c r ite r io n . However, if  between 70% and 90% of su b jec ts  id e n tif ie d  a p ic tu re  
c o rrec tly , i t  would then be fu r th e r  simplified or enhanced to  c la r ify  
am bigu ities, if  possib le . This was p re fe rab le  to  o u tr ig h t re je c tio n , since 
removal of one p ic tu re  would mean the loss of a com plete s e t ,  and i t  was 
im portant to  re ta in  as many s e ts  as possib le  fo r te s t in g  the deaf su b jec ts  in 
the p ic tu re-rhym e experim ent.
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Table 10.8: W ordllst fo r  r e l i a b i l i ty  s tudy
Key: Rhyme 
Orthog 
V iseme 
Semantic
-  orthograph ica l l y  d is s im ila r  rhyme
-  orthographic d is tr a c to r
-  visem ic d is tra c to r
-  sem antic d is tr a c to r
Stem-word Rhyme
(Target)
Orthog Viseme Semantic
BED HEAD 1 BEE PEN PILLOW 2
CRANE TRAIN 1 CRAB 2 GRATER 2 TRUCK 2
BEE KEY BELL 2 MAZE 2 HONEY
CART HEART CARROT 2 GATE 2 HORSE
KNIGHT WHITE 2 EIGHT NINE DRAGON 2
BOAT NOTE BOOT 1 MOON SEA 2
SHOE BLUE 1 SHOP SAW 2 FOOT
DOOR SAW 2 DOG 1 TWO HANDLE 2
BEAR CHAIR 1 BEARD 1 PIE 2 HONEY
BOWL COAL OWL POOL SPOON 2
P rac tice  s e t :
PEN 2 HEN 2 * KITE * BOOK 2 $ MAP 2
 ^ O riginal p ic tu re  modified or redrawn 
2 Replacement word, w ith new drawing
♦ Selected fo r o rthograph ic d is s im ila r ity , to  make the p rac tice  s e t  e a s ie r .
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Method
The su b je c ts  were each given a sh e e t contain ing a l i s t  o f p ic tu re  numbers, 
corresponding to  the 63 p ic tu re s  d isplayed on the classroom  w alls, w ith a 
space beside  each number. The p ic tu re s  were arranged in random order.
The ch ild ren  were in s tru c ted  to  in spect the 63 p ic tu re s  in any order and w rite  
down what the p ic tu re  showed, using  a s in g le  word. I t  was s ta te d  th a t the 
sp e llin g  o f a word was no t c r i t ic a l ,  so th a t in cases o f u n ce rta in ty  the 
su b jec t should use th e ir  own sp e llin g . This would encourage ch ild ren  to  w rite  
down a l l  the p ic tu re  words they recognised , ra th e r  than only those they could 
sp e ll w ith confidence.
The p rin ted  in s tru c tio n s  to  the su b jec ts  were :
INSTRUCTIONS
In th is  s tudy , I would like you to  look a t  the p ic tu re s  I have brought and 
w rite  down the word each p ic tu re  d escribes.
For example, i f  you saw a p ic tu re  o f a c a t, you would w rite  'c a t '.
If  the card  shows a patch of colour, w rite  the name of the  colour, e.g. 'green '; 
If i t  shows a number, w rite  the number word, e.g. 'fo u r '.
If  you do no t know the name of the ob ject, pu t a question  mark (?) on th a t 
line.
If you simply cannot t e l l  what the p ic tu re  is  supposed to  be, have a guess.
I want you a l l  to  examine a l l  the p ic tu re s  displayed in the  classroom . W rite 
your answer on the nex t page, on the line  w ith the same p ic tu re  number, then 
move on to  ano ther p ic tu re  as quickly as possib le . Make su re  you see a l l  the 
p ic tu re s .
Put your hand up now i f  you have any questicxis.
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R e su lts
Of the 63 p ic tu re s , 55 were id e n tif ied  c o rre c tly  by a minimum of 90% of the 
sample. Exceptions to  th is  c r ite r io n  a re  shown in Table 10.9 below.
Table 10.9: Pictures with under 90% success for r e l ia b il ity  group
P ic tu re  % c o rr ec t  ( lO y r s .)
HEN 67
HEAD 72
CART 78
PIE 80
SEA 83
CORE 85
BEARD 87
WHITE 87
The le a s t  su ccessfu l p ic tu re  in the r e l i a b i l i ty  s tudy  was HEN, because 28% of 
the sample named the p ic tu re  'chicken*, a reasonab le  a l te rn a tiv e  but 
unacceptable in the p ic ture-rhym e experim ent as HEN was to  be the ta rg e t 
rhyme fo r PEN. The number TEN was th e re fo re  s u b s t i tu te d  as the ta rg e t  rhyme, 
as the ch ild ren  had id e n tif ie d  a l l  o the r num erical s tim u li w ithout exception.
The p ic tu re  of a HEAD had been drawn as i f  on a s c u lp to r 's  stand  and th is  led 
many child ren  to name i t  'model' o r 'scu lp tu re '. I t  was th e re fo re  decided th a t  
the s tand  would be erased  to  remove th is  b ia s  in the p icture-rhym e experim ent.
CART was occasionally  m isin te rp re ted  as a wheelbarrow, so  the h in d q u a rte rs  o f 
a horse were drawn in, to  avoid th is  m isunderstanding.
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PIE was seen as  'cheese ' by some su b je c ts  and as  'cake' by o th e rs , so the 
co lours were enhanced and steam  drawn to show th a t i t  could no t be e i th e r  of 
these .
SEA was named 'c l i f f s '  by s ix  su b je c ts . As a sem antic d is t r a c to r  fo r BOAT, 
c l i f f s  would s t i l l  be re la te d , so th is  e r ro r  was not se r io u s , bu t nonetheless, 
the b lue o f the  w ater was enhanced to  draw a t te n tio n  away from the c l i f f s  in 
the p ic tu re . With the sem antic d is  t r a c to r s ,  the p rec ise  word is  no t c r i t ic a l ,  
a s  long as the  word given is  a sso c ia ted  w ith the stem word. (Thus, 'lorry* and 
'van' were accepted as names fo r the  TRUCK, fo r example.)
CORE was re ta in e d  only as a p ra c tic e  p ic tu re , so i t  could be used to show 
su b jec ts  th a t s in g le  words only were requ ired  (not APPLE CORE).
BEARD was occasionally  seen as 'smoke', 'wind' or 'f i r e ',  Ind ica ting  th a t more 
emphasis needed to  be given to the fa c ia l fe a tu re s  to provide con tex t.
WHITE was seen by th ree  ch ildren  as  'yellow ', r e f le c tin g  the im perfections of 
the ink used; ano ther response was 'moon', showing th a t the su b jec t was looking 
fo r an ob ject in the p ic tu re . I t  was th e re fo re  decided to  use p ro fess io n a l 
coloured paper fo r  a l l  colour words (BLUE, WHITE, and p ra c tic e  t r i a l s  RED and 
GREEN), and to  p a s te  these colour patches on to the req u ired  spaces, making 
them more d is t in c t  as colours ra th e r  than coloured drawings o f ob jec ts .
The ten p ic tu re  s e ts  (with f in a l m odifications) a re  shown in Appendix 2, where 
the changes can be compared with the  o r ig in a l p ic tu re s  in the V alid ity  study.
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D iscussion
There were many d if f ic u l t ie s  to  be overcome in p re sen tin g  p ic tu re s  w ithout 
am biguity to ch ild ren , given a lim ited  choice of p ic tu re  words circum scribed by 
the proposed experim ental design. D espite th is , the  c u rre n t study  dem onstrates 
the  im portance o f te s t in g  ou t the p ic tu re s  and p ic tu re  words on hearing  
ch ild ren  to  reduce such am bigu ities to  a minimum.
The r e s u l t s  o f the r e l ia b i l i ty  s tudy  led to  the re te n tio n  of the p ic tu re -w o rd s 
in Table 10.8, w ith the exception o f the p rac tice  p ic tu re-w ord  HEN (replaced by 
TEN). S lig h t m odifications were made to  s ix  o f the  p ic tu re s . This f in a l s e t  
o f p ic tu re s  formed the s tim u li fo r the picture-rhym e experim ent, to  examine 
pre lingua lly  profoundly deaf ch ild ren 's  tendency to  code words phono log ica lly , 
v isem ically , orthograph ica lly  or sem antically  in the absence of verbal or 
p rin ted  cues. This experim ent w ill be described in the follow ing sec tio n .
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Experiment 4i PICTURE RHYME JUDGEMENT BY PROFOUNDLY DEAF CHILDREN
10.2 O bjectives
This experim ent was conducted to  examine profoundly deaf ch ild ren 's  coding of 
rhyme in a con tex t where a s tra te g y  of m atching the speaker's  lip  p a tte rn s  
would no t be possib le . In th is  experim ent, the only input fo r the rhyme 
judgements a re  p ic tu re  s tim u li and the experim enter does not name the p ic tu re s  
fo r the su b jec t. The experim ent by Campbell & W right (1988), described in the 
sec tio n  5.2.4, showed th a t hearing  ch ild ren  w ith a read ing  age between 7 and 9 
years  performed v ir tu a lly  a t  ce ilin g  level on a p ic ture-rhym e task , w ith no 
e f fe c t  of sp e llin g  incongruence. This was in te rp re te d  as ind ica ting  the use of 
a phonological code unaffected  by orthography. In c o n tra s t , th e ir  deaf sample 
(matched fo r reading  age) showed a marked in fluence o f orthography in th e ir  
rhyme judgements.
The choice o f reading  age measure is  im portant when te s t in g  deaf su b je c ts . I t  
has been rep o rted  by Wood, G rif f ith s  & W ebster (1981) th a t s tandard  read ing  
age measures can overestim ate  deaf ch ild ren 's  r e a l  read ing  s k ill .  (Deaf ch ild ren  
a re  more adept than hearing  children  a t  using  con tex t to  id e n tify  words, and 
more w illing  to  guess when they do not know.) On these  grounds, Campbell & 
Wright matched hearing  and deaf su b jec ts  on th e ir  sco res  in the Neale Reading 
T est because i t  measures l i te r a l  understanding  o f the m a te ria l. The follow ing 
experim ent used the schoo l's  p re fe rred  te s t ,  the P icture-A ided Reading T es t, or 
P.A.R.T. (Hamp, 1971), which is  s im ila r to the Peabody P ic tu re  Vocabulary T est 
(Dunn, 1965). I t  was chosen because i t  is  designed to  t e s t  comprehension 
r a th e r  than pronunciation , with deaf ch ild ren  in mind. This is  c r i t ic a l  fo r 
profoundly deaf ch ild ren , whose speech can sometimes be incom prehensible and
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thus mask th e ir  recep tive  vocabulary. Unlike the Neale Reading T est, the 
P.A.R.T. does have scope fo r g uessing , bu t because i t  u ses  s in g le  words, not 
sen tences, th e re  is  no opportun ity  to  use contex t a s  a prop. Also, guessing  is  
allowed, b u t given a choice of fo u r p ic tu re s  to  re p re se n t each word, random 
guesswork would show up as a 25% success ra te .  I t  is  po ssib le  th a t a vague 
fa m ilia r ity  w ith  the word might be enough to  id e n tify  the  c o rre c t p ic tu re  by 
e lim inating  the  th ree  le a s t like ly  p ic tu re s , since th e se  a re  genera lly  to ta l ly  
u n re la ted  to  the  ta rg e t p ic tu re . Thus, l i t e r a l  understanding  was no t req u ired  
and i t  is  p o ssib le  th a t the read ing  age sco res rep o rte d  below a re  s l ig h t ly  
in fla ted . However, since a matched group of hearing  ch ild ren  was not req u ired , 
th is  does no t pose a s ig n if ic a n t problem. Hearing ch ild ren  were not te s te d  as 
i t  seemed c le a r  th a t the rhyme ta sk  would be too sim ple fo r them, bearing  in 
mind Campbell & W right's (1988) c e ilin g - le v e l perform ance by hearing  su b je c ts .
In th is  experim ent, the e f fe c ts  of viseme, o rthograph ic and sem antic 
d is  tr a c to rs  a re  examined. Experiments 2 and 3 showed th a t deaf ch ild ren  a re  
s tro n g ly  influenced by shared-visem e non-rhymes in a lip read  rhyme judgement 
task . I t  was considered im portant to  d iscover w hether th is  re la tio n sh ip  holds 
only when lip read ing  (perceiving visem es d ire c tly )  o r in a non -o ra l con tex t as  
w ell. A viseme e f fe c t in p ic tu re-rhym e judgement would dem onstrate visem ic 
coding by deaf children in a con tex t where i t  could no t be simply a s tr a te g y  
e f fe c t ,  as was possib le  in the p revious experim ents.
On the o th e r hand, if  a s ig n if ic a n t proportion  of o rthograph  ica lly  s im ila r  non­
rhymes (e.g. BEAR-BEARD) a re  se le c te d  as rhymes, th is  is  evidence of deaf 
ch ildren  using  orthography to  guess a t  phonology, w ithou t re a l  phonological 
coding tak ing  place. Saqi (1984) dem onstrated an o rthog raph ic  s im ila r i ty  
e f fe c t  w ith w ritte n  homophones as s tim u li, and Campbell & Wright (1988) showed 
th is  w ith both  w ritten  rhymes and w ith the same s tim u li as  p ic tu re  p a irs . I t
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is  th e re fo re  im portant to include the o rthograph ic component in the c u rre n t 
experim ental design.
Viseme d is  tra c to rs  were o r ig in a lly  se lec ted  la rg e ly  from the l i s t s  o f 
'homophenous' words produced by N itchie (1919) and W alther (1982), as shown in
the In troduction  to  th is  chap ter (Table 10.1), bu t many o f these were re je c te d
in the v a lid ity  study . A lte rn a tiv e s  were derived  from the viseme c a te g o rie s  
o u tlin ed  in sec tio n  4.3.4. For consonants, th e se  a re :
/p,b,m/ I / f ,v /  : /B,b/ ; /  J  ,5»U,d5/ î /w ,r/ ; /t,d ,n ,l,s ,z ,k ,g  j i / .
The vowel visemes used a re :
High fron t: / i , l ,e l ,A/ High back: /3 ,u ,U ,o U /
Low fro n t: /e ,a s ,a ,a l / ;  / a U /  Low back: /D,01/.
So, fo r example, MAZE was considered a s u ita b le  viseme d is tra c to r  fo r BEE 
because /m/ and /b / a re  in the same viseme group, / e l /  and / i /  are  e a s ily  
confusable vowels and /z / ,  like /k ,g ,h /, is hard  to d e te c t a t  a l l  by lip read  ing.
I t  should be noted th a t vowel visemes are  le s s  r ig id  than consonant visem es, 
so some overlap of the ca teg o rie s  o ften  occurs.
Semantic d is  tra c to rs  were included in the l ig h t o f an experim ent by Saqi (1984, 
Expt.3), in which deaf and hearing  su b jec ts  were p resen ted  with a computer 
screen  showing a stem word accompanied by a rhyme, homophone, sem antic and 
orthograph ic match. Subjects were asked: "Which word goes b es t w ith th is  
[ stem 3 word ?". When they had chosen one word, i t  d isappeared from the 
screen  and the same question  was asked fo r the  rem aining th ree  words, and so 
on u n t i l  a l l  words had been paired  with the stem  word. The deaf ch ild ren  were 
found to  p re fe r  the sem antic match, followed by the  o rthographic match, then 
the homophone and f in a lly  the  rhyme; the hearin g  ch ild ren  p re fe rred  the
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sem antic match followed by the homophone, the rhyme and la s t ly  the 
orthograph ic match. Thus, both groups found the sem antic match most s a l ie n t ,  
although the deaf group then showed o rthograph ic (i.e . v isu a l)  dominance, 
whereas the hearin g  group showed phonological (aud ito ry /a r t ic u la to ry )  
dominance.
Hermelin & O'Connor's (1973) p ic ture-rhym e experim ent (see sec tio n  5.1.1), in 
which profoundly deaf ch ildren  were asked to  re c o n s tru c t rhyming and non­
rhyming p ic tu re  p a irs , was conducted not sp e c if ic a lly  to  in v e s tig a te  
phonological coding, bu t as a t e s t  of:
"any tendency to  im plic itly  v e rb a lise  v isu a lly -p re sen te d  items" (p.195). 
This phrase then su g g es ts  an in te re s t  in a r tic u la to ry  coding, y e t Hermelin & 
O'Connor (1973) did not a sse ss  independently w hether su p e rio r r e c a ll  o f rhymes 
over non-rhymes does dem onstrate a r t ic u la to ry  coding. One way to  t e s t  th is  
would be to in s tru c t  su b jec ts  to v e rb a lise  e x p lic it ly  the s tim u li in h a lf  of 
the t r i a l s  and to  compare th e ir  success r a te  w ith th e ir  own s i le n t  t r i a l s .  If 
they were im p lic itly  v erb a lis in g  in the s i le n t  t r i a l s ,  th e ir  sco res  should be 
s im ila r to the e x p lic it ly  v erbalised  t r i a l s .  If, however, th e re  was no im plic it 
v e rb a lisa tio n  in the  s i le n t  t r i a l s ,  sco res .m ig h t be expected to  be lower than 
in v erbalised  t r i a l s .  For example, Keeney, Cannizzo & F lave11 (1967) found th a t 
ch ildren  who spontaneously  used verbal re h e a rsa l o f p ic tu re  names showed 
su p erio r r e c a ll  o f the sequence of p ic tu re s  p resen ted  than did n o n -v e rb a lise rs , 
and the non-verba 1 is e rs  showed su p erio r r e c a ll  when in s tru c te d  to  name the 
p ic tu re s  aloud as  they were p resen ted .
This p rin c ip le  can be applied to the c u rre n t experim ent. If the deaf su b je c ts  
a re  in s tru c te d  to  v e rb a lise  h a lf  of the t r i a l s  and no t the o th e r h a lf ,  the 
a r tic u la to ry  coding hypothesis would p re d ic t th a t th e re  would be no s ig n if ic a n t
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d iffe re n ce  in rhyme id e n tif ic a tio n  sco res  in the spoken and s i le n t  conditions 
because o f  'im plicit v e rb a lisa tio n ' (or subvocal m ediation) in the s i le n t  
condition . An a lte rn a tiv e  hypo thesis  of nonverbal spontaneous m ediation would 
p re d ic t a d iffe ren ce  in the sco re s  because of the a r t ic u la to ry  advantage in the 
v erb a lised  t r i a l s  over s i le n t  t r i a l s  in which no subvocal m ediation occurred.
The in fluence of verbal m ediation on performance is  th e re fo re  m anipulated in 
the c u rre n t experiment.
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10.3 S ub jec ts  and method
10.3.1 Subjects
T hirty-tw o profoundly deaf boys from a p r iv a te  school fo r the deaf took p a r t,  
but one was la te r  re je c ted  when i t  emerged th a t he had become deaf a f te r  the 
age of two. The o th e r boys were a l l  p re lingua lly  deaf w ith a mean hearing  
loss in the b e t te r  e a r of a t  le a s t  85dB (The mean fo r the sample was 102dB.) 
The age range was 12-16, with a mean of 14.2 (S.D.= 1.5), and the read ing  age, 
as measured by the P.A.R.T., ranged from 8 to  11, w ith a mean o f 9.7 (S.D.=0.8).
10.3.2 M aterials
F ifty  hand-drawn and coloured p ic tu re s  from the r e l i a b i l i ty  study  were used in 
the p resen t experim ent, modified where necessary  (see Appendix 2). These are  
lis te d  in Table 10.10.
Table 10.10; S tim uli used in p ic tu re-rhym e experim ent
Stem-word Rhyme
(Target)
Orthog.
d is t r a c to r
Visemic
d is t r a c to r
Semantic
d is tr a c to r
1. BEE KEY BELL MAZE HONEY
2. KNIGHT WHITE EIGHT . NINE DRAGON
3. BOWL COAL OWL POOL SPOON
4. CRANE TRAIN CRAB GRATER TRUCK
5. BEAR CHAIR BEARD PIE HONEY
6. CART HEART CARROT GATE HORSE
7. DOOR SAW DOG TWO HANDLE
8. BOAT NOTE BOOT MOON SEA
9. BED HEAD BEE PEN PILLOW
10. SHOE BLUE SHOP SAW FOOT
— 188—
F ig u re  10 .2 : exam ple p ic tu r e  s e t
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The p ic tu re s  were arranged In s e ts  of f iv e  on ten 30cm x 42cm cards, 1mm in 
th ickness. The stem p ic tu re  in each s e t  was positioned  a t  the top of the card, 
w ith the fou r accompanying p ic tu re s  forming a square below i t .  F igure 10.2 
shows one o f the p ic tu re  s e ts  (cf. F igure 10.1). There was one co rre c t answer 
(the rhyme ta rg e t)  on each card and th ree  non-rhyming p ic tu re s ; o rthograph ic, 
sem antic and visem ic d is  tra c to rs . The p o s itio n  of these four p ic tu re  
c a teg o rie s  was randomised across the ten  cards.
10.3.4 Procedure
Subjects were te s te d  ind iv idually  in a q u ie t room in th e ir  school. They were 
f i r s t  given w ritte n  in s tru c tio n s  w ith rhyme ex e rc ises , shown o v erlea f. The 
f i r s t  ex e rc ise  was to think of a p a ir  o f rhyming words; th is  brought e ig h t 
r e fu sa ls  b u t the m ajority  of su b jec ts  produced an orthograph ica lly  congruent 
p a ir  (e.g. DOG-LOG). One o lder boy w rote 'BEING-THING-RUNNING'; two younger 
boys wrote 'CAT-CAR' and 'CHRISTMAS-CHRIST', re sp ec tiv e ly , sugg estin g  a re lian ce  
on orthography a t  th is  s tag e . Another boy (seeing the example SNAILS-TAILS) 
w rote: 'SNAILS has a s h e ll  and c a t has TAILS', ind ica ting  th a t he had 
m isin te rp re ted  the in s tru c tio n s . One boy gave the p a ir  'HEAR-RING', showing 
th a t he knew the ex e rc ises  re fe rre d  to  sounds but th a t he had missed the 
rhyme elem ent. (Each o f these su b jec ts  produced c o rre c t rhymes in the la te r  
ex erc ises .) Only one su b jec t produced an orthograph ica lly -d is s im ila r  rhyming 
p a ir  and i t  is  in te re s tin g  to  no te  th a t one member of the  p a ir  was h is  own 
name.
There were few e rro rs  when su b jec ts  were asked to  find rhymes fo r  the sim ple 
stim ulus words CAT and COOK; fo r CAT, the  th ree  e r ro rs  were 'CAR', 'CATCH' and 
'CATERPILLARS' and fo r COOK one boy w rote 'COCK' and ano ther w rote 'HOOD'. The 
most d ram atica lly  v isu a l e rro r  was '007' in response to COOK, bu t again , even 
th is  boy su ccess fu lly  produced w ritten  rhyme responses to o th e r  s tim u li.
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INSTRUCTIONS
This s tudy  is  about words th a t rhyme. Rhyming words sh are  the same sound. 
We o fte n  find  rhyming words in songs and poems. Here a re  some examp les
1) 'L it t le  Bo PEEP has lo s t  h er SHEEP'
2) 'Frogs and SNAILS and puppy dogs TAILS'
3) 'Twinkle, tw inkle l i t t l e  STAR, how I wonder what you ARE'
Can you th ink o f two words th a t rhyme, like 'PEEP, SHEEP' o r 'SNAILS, TAILS' ?
< An example o f two words th a t do NOT rhyme is: 'PEEP, PIPE' 
-  because they do no t have the  same sound. )
W rite a word th a t rhymes w ith 'CAT': ........................
Now a word th a t rhymes with 'COOK': ...... ....................
We can a lso  find  rhymes in p ic tu re  names. I w ill be showing you some s e t s  of 
p ic tu re s  o f ob jec ts , numbers o r co lours. I want you to  look c a re fu lly  a t  the 
top p ic tu re  in each s e t ,  then a t  each of the four p ic tu re s  below it ,  th inking 
of the name fo r each p ic tu re . One of these  names rhymes w ith the name of the 
top p ic tu re . I w ill ask you to  po in t to  the p ic tu re  th a t  rhymes with the top 
p ic tu re . That is , the one ending with the same sound.
For example, if  the top p ic tu re  shows a HAT
and the fo u r p ic tu re s  below i t  show; BAT, COW,
PIN HOUSE ,
you would po in t to the p ic tu re  o f a BAT because 'BAT' rhymes w ith 'HAT'.
If the top p ic tu re  showed: a ja r  of JAM
and the fo u r p ic tu re s  below i t  showed: BONE FOX
LAMB number SIX ,
which would you point to  ?
(Note: If the p ic tu re  shows a number or a colour, th ink o f the name of th a t 
number o r co lour, e.g. 'ONE' ; 'GREEN' .)
All p ic tu re s  rep resen t a s in g le  word , so remember to  sh o rten  any longer names 
you f i r s t  th ink of.
e.g. 'BOWLER HAT' should ju s t  be 'HAT';
•EMPTY MILK BOTTLE' should ju s t  be 'BOTTLE' .
Now we w ill p ra c tic e  w ith some r e a l  p ic tu re s . T e ll me when you a re  ready .
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Sub jec ts were then shown eleven p rac tice  p ic tu re s  (BALLOON, CHURCH, ONE, CASTLE, 
RED, CHAIN, SHEEP, GREEN, MAT, CORE, BLACK) to fa m ilia r is e  them w ith p ic tu re  
naming. They were asked; "Please name these  p ic tu re s  o u t loud as I po in t to 
them." Any use of double words (e.g. 'door m at') o r f a i lu re  to understand the 
in s tru c tio n s  about naming co lours and numbers was co rrec ted  a t  th is  s tag e . 
Following th is , su b jec ts  were shown a p ra c tic e  s e t  w ith the same layout as the 
ten  experim ental t r i a l s ,  b u t w ith d is tra c to r  p ic tu re s  bearing  no orthograph ic, 
visem ic o r sem antic re la tio n  to  the stem p ic tu re . The p rac tice  s e t  was;
PEN /  TEN KITE BOOK MAP. Subjects were asked: "P lease name each p ic tu re  in 
th is  s e t  out loud, then po in t to the p ic tu re  th a t rhymes with the top p ic tu re ."  
If  an inco rrec t response was given, the co rre c t answ er was ind icated  and 
fu r th e r  explanations of the rhyme concept were given. No sub jec t was re je c te d  
a t  th is  s ta g e  fo r fa il in g  to  understand the In s tru c tio n s .
Ten experim ental t r i a l s  were p resen ted , but i f  a su b je c t had wrongly named one
o r more of the p ic tu re s  in a s e t ,  the data  fo r  th a t  t r i a l  were d iscarded  and 
to ta l  sco re  was ca lcu la ted  as a percentage of t r i a l s  in which a l l  p ic tu re s  were 
named co rrec tly .
In o rder to  t e s t  fo r verbal m ediation e f fe c ts ,  su b je c ts  were in s tru c ted  to name 
aloud each p ic tu re  in the s e t  before making th e ir  choice on five  of the t r i a l s ;  
in the o th e r five , they were in s tru c ted  to  study  each p ic tu re  s i le n tly .  At the
end of the te s tin g  sessio n  they were asked: "Now p lease  name aloud the
p ic tu re s  you s tud ied  s ile n tly ."  This checked w hether they had c o rre c tly  named 
th ese  p ic tu re s . The procedure was counterbalanced fo r  s e ts  named aloud during  
the  t r i a l s  (s e ts  1-5 o r 6-10) and fo r o rder of p re se n ta tio n  (ascending or 
descending t r i a l  numbers). To con tro l fo r p ra c tic e  e f f e c ts ,  h a lf  of the su b je c ts  
were p resen ted  with t r i a l s  1-5 f i r s t  and h a lf  w ith t r i a l s  6-10 f i r s t .
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10.4 A nalysis
Table 10.11 shows the  number of responses in the rhyme and d is tr a c to r  
ca teg o rie s  fo r  the  ten  p ic tu re  s e ts ,  summed acro ss  the 31 profoundly deaf 
su b jec ts . Where the to ta l  fo r a s e t  is  below 31, d a ta  has been lo s t due to 
su b jec ts  misnaming one o r more of the p ic tu re s  in the s e t .
Table 10.11: Frequencies for picture s e t s  named correctly  Cno. o f  responses)
Stem-word Rhyme
(target)
Orthog.
(
Visemic 
d is tractors
Semantic
)
TOTAL
<max=31)
1. BEE 11 8 1 2 22
2. KNIGHT 7 5 1 1 14
3. BOWL 4 15 5 6 30
4. CRANE 4 0 1 1 6
5. BEAR 4 15 1 2 22
6. CART 13 5 2 0 20
7. DOOR 22 5 1 3 31
8. BOAT 2 3 0 0 5
9. BED 5 4 11 1 21
10. SHOE 10 9 3 7 29
Where a p ic tu re  was misnamed by a su b jec t, the response fo r th a t t r i a l  was 
excluded from the an a ly sis . This meant th a t su b jec ts  completed d if fe re n t 
numbers of va lid  t r i a l s  and th e ir  raw d a ta  were no t d ire c tly  comparable. To 
allow comparisons to be made, the number of co rre c t rhyme choices fo r each 
indiv idual was transform ed into a percen tage of the to ta l  number of s e t s  they 
had named c o rrec tly . On th is  measure, the mean percen t co rre c t was 38.8%.
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A nalysis of the counterbalancing revea led  th a t th e re  was no p rac tice  e f f e c t  
(Wilcoxon z=-0.4, N.S., 1 - ta i le d  prob.) o r o rder e f fe c t  (Wilcoxon-Mann-Whitney 
z=-0.006, N.S., 2 - ta ile d  prob.) on percen t co rrec t sco res . There was a 
s ig n if ic a n t d iffe ren ce  in perform ance between p ic tu re  s e ts ,  w ith more e r ro rs  
being a sso c ia ted  with s e ts  1 to  5 than s e ts  6 to  10 (Wilcoxon z=2.71, p<0.01, 
2 - ta ile d  prob.). Examination o f Table 10.11 rev ea ls  th a t  th e re  was a la rge  
p roportion  o f orthographic e r ro r s  on t r i a l s  3 and 5 (BOWL-OWL and BEAR-BEARD) 
and an unusually  high success r a te  in t r i a l s  6 and 7 (CART-HEART and DOOR- 
SAW). The reasons fo r th is  v a r ia tio n  w ill be examined in the d iscussion .
Since a l l  su b jec ts  were te s te d  on a l l  p ic tu re  s e ts  in counterbalanced o rder, 
th is  b ia s  is  no t serious .
Forty-tw o of the f i f ty  p ic tu re s  were id e n tif ied  c o rre c tly  by a t  le a s t 90% of 
the sample. Exceptions to th is  a re  shown in Table 10.12. The p ic tu re  naming 
sco res fo r hearing  10 year o lds in the r e l ia b i l i ty  s tudy  are  shown fo r 
comparison.
T ab le  10 .12: P ic tu r e s  named c o r r e c t ly  by under 90% o f  d ea f sam ple
% c o r r e c t
P ic tu r e  Deaf ( l l - 1 6 y r s . )  H earing  ( lO y rs .)
NOTE 16 91
CRANE 35 93
GRATER 42 98
KNIGHT 45 98
HEAD 68 72 $
PIE 71 80 $
CART 74 78 *
MAZE 74 100
* B efore f i n a l  im provem ents to  p ic tu r e s .
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I t  can be seen from Table 10.12 th a t the d i f f ic u l t i e s  many deaf su b je c ts  had 
naming five of the p ic tu re s  (NOTE, CRANE, GRATER, KNIGHT and MAZE) could not 
have been p red ic ted  from the r e l ia b i l i ty  study  r e s u l t s .  Only th ree  of the 
p ic tu re s  (HEAD, PIE and CART) had a lso  been d i f f ic u l t  fo r  hearing  ch ild ren .
This w ill be examined fu r th e r  in the d iscussion .
Reading age was found to  c o rre la te  highly w ith the number of p ic tu re  s e t s  
named com pletely (Spearman r^= .7, o2 = .49, i.e. alm ost 50% of the variance in 
p ic tu re  naming accuracy could be accounted fo r by read ing  age). The 
co rre la tio n  between read ing  age and rhyme judgement sco re  was a lso  p o s itiv e  
(Spearman r,g=.4, p<0.025, 1 - ta ile d )  bu t only 16% of the variance in rhyme 
judgement sco res  could be accounted fo r by read ing  age (#2= r^^s.lG ).
I t  was considered th a t speech q u a lity , which ranged from u n in te ll ig ib le  to 
p e rfe c tly  c lea r, might have an influence on s u b je c ts ' rhyme a b ility . To t e s t  
th is ,  record ings of the su b je c ts ' speech (reading id e n tica l words aloud) were 
given to  two s p e c ia l is t  speech th e ra p is ts  to  r a te  on a seven-po in t sc a le  of 
in te l l ig ib i l i ty .  Their ra t in g s  agreed c losely  (Gamma= .91 ). A K endall's p a r t i a l  
c o rre la tio n  c o e ff ic ie n t was then ca lcu la ted  to  p a r t i a l  ou t the speech fa c to r  
from the p o s itiv e  c o rre la tio n  between reading age and rhyme judgement sco re  
(Kendall's tau=.3, equ iv a len t to  Spearman r«=.4). The co rre la tio n  between rhyme 
judgement and speech in te l l ig ib i l i ty  was tau=,2 (N.S.) and th a t between read ing  
age and speech in te l l ig ib i l i ty  was taii=.l6 (N.S.). P a r t ia l  ling  out speech 
in te l l ig ib i l i ty  from the  reading-age/rhym e c o rre la tio n , the r e s u l t  was s t i l l  a 
p o s itiv e  co rre la tio n , although th is  was reduced to  tau=,27 (p<0.025).
T herefore, th is  measure of speech q u a lity  (tape recorded  reading aloud) could 
no t be sa id  to  be a s ig n if ic a n t component of the p o s itiv e  reading-age/rhym e 
co rre la tio n .
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Subjects were no b e t te r  a t  id en tify in g  rhyme on verbalised  s e ts  than on s e ts  
s tud ied  s i le n t ly  (Wilcoxon z=-0.14, N.S., 1 - ta i le d  prob.). The absence of a 
v e rb a l/s ile n t d iffe re n ce  lends suppo rt to  the hypothesis th a t s u b je c ts ' s i le n t  
rhyme judgem ents were mediated subvocally . However, in o rder to  determ ine 
whether a r t ic u la to ry  coding is  involved in th is  task  of rhyme judgement by 
profoundly deaf ch ild ren , a s t r i c t e r  t e s t ,  such as an a r t ic u la to ry  suppression  
task , would be requ ired ,
10.4.1 The e f f e c t s  o f the th ree  d is  t r a c to r  types
As with rhyme responses, sco res in each of the th ree  d is  tr a c to r  ca teg o rie s  
were converted to a percentage o f the  to ta l  number of s e ts  named c o rre c tly . 
For example, i f  a su b jec t misnamed p ic tu re s  in two s e ts  and chose fou r 
o rthographic d is t r a c to r s  in the rem aining e ig h t s e ts ,  they were given a score 
of 4/8, o r 50%, fo r the O rthographic response category.
Mean percentage sco res  in each response category  a re  shown in Table 10.13. 
Table 10.13: Mean percen t sco re s  (e n tire  sample)
Response category  %
Rhyme 38.8
O rthographic 35.2
Visemic 12.5
Semantic 12.2
No response 1.3
T otal 100.0
A Friedmans two-way ANOVA by ranks was conducted on the response category  
data . (A non-param etric  ana ly sis  of variance was req u ired  because the raw 
data  were mu I t  ip le - choice responses encompassing the fou r cond itions, r a th e r
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than Independent, binary responses w ithin each condition . This v io la ted  the 
assum ption o f independent e r ro r  term s in the param etric  ANOVA te s t .)  The 
an a ly s is  showed a s ig n if ic a n t d iffe re n ce  across response  ca teg o ries  (Fr=24.9, 
df=3, p<0.001), w ith post hoc t e s t s  ind icating  th a t Rhyme and O rthographic 
p ic tu re s  were chosen w ith equal frequency by su b je c ts  o v e ra ll, and both 
s ig n if ic a n tly  more o ften  than Semantic o r Viseme d is t r a c to r s  (p<0.025).
Since fiv e  su b jec ts  could name com pletely le ss  than h a lf  o f the p ic tu re  s e ts ,  
th is  an a ly s is  was repeated  w ith th ese  su b jec ts  excluded, to  con tro l fo r  any 
b ias  they might c rea te  in the  r e s u l t s .  However, the  an a ly sis  was s t i l l  h ighly  
s ig n if ic a n t (Fr= 18.3, df=3, p<0.001) and the p a tte rn  o f choices was the same. 
(The O rthographic /  Viseme comparison was s ig n if ic a n t  a t  p<0.05; a l l  o th e r 
com parisons a t  p<0,025.)
F igure 10.3 is  a sca tte rg ram  showing individual percen tage scores in the most 
freq u en tly  chosen response c a teg o rie s . Rhyme and O rthographic. Fig. 10.4 is  
the corresponding sca tte rg ram  fo r the le a s t frequen t choices, Viseme and 
Semantic. As Table 10.13 and the Friedman's a n a ly s is  ind icate , su b jec ts  chose 
the  Rhyme and O rthographic responses approxim ately th re e  tim es as o ften  as 
viseme or sem antic d is tr a c to r s ,  bu t in Fig. 10.3 an inverse  co rre la tio n  between 
Rhyme and O rthographic choices emerges. I t  can be seen  th a t the more Rhyme 
choices a su b jec t made, the le ss  O rthographic d is t r a c to r s  they chose, and vice 
versa . Fig. 10.4 shows no p a r t ic u la r  p a tte rn . E ight su b jec ts  chose no Semantic 
o r Viseme d is tra c to rs ,  although one su b jec t chose 100% Semantic d is t r a c to r s .
The ind iv idual d iffe ren ces  apparen t in Fig. 10.3 were te s te d  more s p e c if ic a l ly  
by asking the question: "What is  the p ro b ab ility  of a su b jec t iden tify in g  
ex ac tly  X rhymes out of N c o rre c tly  named t r i a l s ,  g iven a p ro b ab ility  p  o f 1/4 
by chance (or guesswork) alone ?"
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The binom ial p ro b ab ility  of each Ind iv idual's  rhyme sco re  was ca lcu la ted  and 
those under .09 were considered in d ica tiv e  of s ig n if ic a n t rhyme a b ili ty . (The 
conventional p ro b ab ility  of p=0.05 was seen as somewhat s tr in g e n t fo r an 
exp lo ra to ry  an a ly sis  using a re la t iv e ly  weak s t a t i s t i c a l  measure. The power o f 
the t e s t  could u se fu lly  be increased  by ra is in g  the alpha level to p=0.09, 
while the increased  r isk  of a Type I e r ro r  was no t c r i t i c a l  in the p resen t 
circum stances.) Eleven su b jec ts  achieved th is  level o f performance; th e ir  rhyme 
sco res  and binom ial p ro b a b ilit ie s  a re  shown in Table 10.14. The same an a ly s is  
was applied  to  the O rthographic responses of each indiv idual. Seven su b je c ts  
emerged as  se le c tin g  O rthographic d is tr a c to r s  s ig n if ic a n tly  more o ften  than 
chance p ro b ab ility . These a re  a lso  shown in Table 10.14.
Table 10.14: S ig n ifican t Rhyme and O rthographic su b je c t p ro f ile s
Subj. Rhyme Binomial Subj. Orthog. Binomial
sco re prob. sco re prob.
7. 8/10 .0004 27. 5/5 .001
13. 6/7 .0013 12. 6/7 .0013
20. 6/7 .0013 1. 5/9 .0389
28. 7/10 .0031 30. 3/4 .0469
29. 6/9 .0087 4. 4/7 .0577
16 5/7 .0115 26. 4/8 .0865
19 4/6 #33 5. 4/8 .0865
10. 3/4 .0469
14. 3/5 .0879
23. 4/8 .0865
5. 4/8 .0865
S ubjects no t appearing in e i th e r  o f these  two groups were assigned  to  a th ird  
group showing mixed responses. Included in the l a t t e r  group was one su b je c t 
who made 100% Semantic choices, as th is  re f le c te d  h is  confusion about the 
rhyme concept o u tlined  in the in s tru c tio n s  to  su b je c ts . No su b jec t chose the 
Viseme d is t r a c to r s  a t  above chance leve ls .
-1 9 9 -
One problem a r is in g  from th is  an a ly sis  was th a t su b jec t no. 5 had made four 
Rhyme choices and four O rthographic choices in a to ta l  o f e ig h t s e t s  and so 
appeared in both o f th ese  groups (see Table 10.14). He was considered a 
sp ec ia l case and, as  he could no t be sa id  to  f i t  the  confused p a tte rn  of the 
Mixed group, he was excluded from analyses comparing the th ree  g roups. This 
l e f t  ten  su b jec ts  in the  Rhyme group, s ix  in the O rthographic group and 
fo u rteen  in the  Mixed group.
Two possib le  exp lanations fo r the d if fe re n t response p a tte rn s  were considered 
p o s t hoc. These were d iffe re n ces  in reading  age and d iffe re n ces  in speech 
in te l l ig ib i l i ty .  I t  was f e l t  th a t a h igher reading  age would r e f le c t  a b e t te r  
aw areness of English orthography, which could then be used to  judge rhyme from 
the w ritte n  form of the p ic tu re-w ords p resen ted . A lte rn a tiv e ly , the Rhyme 
group might have b e t te r  speech, enabling them to judge rhyme from th e ir  own 
a r tic u la tio n  of the p ic tu re-w ords. In Campbell & W right's (1988) s tudy , both 
o f these  fa c to rs  were p o s itiv e ly  co rre la ted  with a b i l i ty  to  d e te c t 
o rthograph ica 1 ly d iss im ila r  rhymes.
The mean reading  age fo r the Rhyme group was 10.1; fo r the O rthographic group 
i t  was 9.8 and fo r the Mixed group 9.3. A K ruskal-W allis one-way an a ly sis  of 
variance by ranks was conducted (because the groups were o f unequal s ize ), 
comparing the th ree  groups in term s of reading  age. This showed a s ig n if ic a n t 
d iffe re n ce  in reading  age across the th ree  groups (KW=7.43, df=2, p<0.05). Post 
hoc m ultip le  comparisons (S iegel & C aste llan , 1988) ind icated  th a t the 
O rthographic group was no t s ig n if ic a n tly  d if fe re n t  from the Mixed group o r the 
Rhyme group; only the d iffe re n ce  between the l a t t e r  two groups was s ig n if ic a n t 
(p<0.05, 1 - ta i le d  prob.). This in d ica te s  th a t the h igher read ing  age o f the 
Rhyme group su b jec ts  was a s ig n if ic a n t fa c to r  in th e ir  su p e rio r  rhyme sco res  
in comparison to  the Mixed group.
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The mean speech in te l l ig ib i l i ty  score fo r  the Rhyme group was 7.1; fo r the 
O rthographic group i t  was 5 and fo r the  Mixed group i t  was 6.1 (on a sca le  
from 0 to 12). A K ruskal-W allis an a ly sis  of the th ree  response p a tte rn s  in 
term s o f speech q u a lity  revealed  no s ig n if ic a n t d iffe re n ce  between the groups 
(KW= 1.6, N.S.). This ind ica tes th a t speech in te l l ig ib i l i ty  is  not re la te d  to  the 
su b je c t 's  p reference  fo r Rhyme, O rthographic o r Mixed responses. However, the 
d is tin c tio n  between speech in te l l ig ib i l i ty  and in te rn a l speech (as measured by 
the verbal vs. s i le n t  m ediation comparison) w ill be examined in the d iscussion .
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10.5 D iscussion
C learly , the influence of visem ic fa c to rs  in a p ic tu re  con tex t is  sm all 
compared to th e ir  e f fe c t in the lip read ing  experim ents. The absence o f a 
visem ic influence is  not e n t ire ly  su rp r is in g  given th a t  the experim enter did 
not name the  p ic tu re s  fo r th e  su b jec t, th e re fo re  no lip read ing  was involved in 
the task . Indeed, th is  find ing  s tren g th en s  the su g g es tio n  th a t the viseme 
in fluence in the lipreading  experim ents was la rg e ly  a s tra te g y  e f fe c t ,  
e sp ec ia lly  a s  i t  a ffec ted  hearing  more than deaf ch ild ren . That is  to  say , 
faced with a s i le n t  video p re se n ta tio n  of spoken word p a irs , the s im p lest way 
to  judge i f  they rhymed o r no t was to  make a decision  based purely on the 
v isu a l s im ila r i ty  of the lip  p a tte rn s , w ithout a ttem p tin g  to  a sc e r ta in  what the  
words were or what sounds the speaker made. Dodd & Hermelin (1977) gave 
profoundly deaf ch ildren  a live  verbal p re sen ta tio n  of rhyming and non-rhyming 
nonsense word p a irs  on the assum ption th a t success in th is  task  dem onstrated 
phonological aw areness. When they found some evidence th a t the su b jec ts  were 
using lip read  s im ila r ity  to  judge rhyme, they then concluded th a t the deaf gain  
phonological inform ation from lip read ing . This conclusion should perhaps be 
d ra s t ic a lly  modified to: 'th e  deaf gain  inform ation from lip read in g '. The 
visem ic inform ation supplied  by lip read ing  appears to  be a source o f v isu a l 
pa t te rn -m atch ing  ra th e r  than a b a s is  fo r a b s tra c t phonological coding.
For th is  reason , the cu rren t experim ental design, using  p ic tu re s  in stead  of 
speech, is  a more valid  te s t  o f phonological coding than the lip read ing  design  
used prev iously , since the visem e-m atching s tra te g y  is  avoided by the 
p re se n ta tio n  o f p ic tu re s  as the  only clue to  the words involved. Thus, the  
su b jec ts  them selves provide the s tim u lus  words in w hatever code they use most 
read ily , be i t  lip read , a b s tra c t phonological, a r t ic u la to ry  o r o rthograph ic.
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O rthographic fa c to rs  were fa r  more im portant than visem ic fac to rs  in th is  task . 
One f i f th  of the sample chose predom inantly the o rthograph ic d is tr a c to r s .  
C learly , fo r these  ch ild ren , sp e llin g  is  the main guide to rhyme in a p ic tu re  
con tex t. When shown p ic tu re s  o f ob jec ts , th ese  su b jec ts  coded the p ic tu re  
names in orthograph ic r a th e r  than lip read  o r phonological form. Across the 
e n t i r e  sample, o rthograph ic d is tr a c to r s  were chosen equally  as o ften  a s  rhyming 
p ic tu re s . The e f fe c t  is  in te re s tin g  considering  th a t the d is tr a c to r s  used were 
m ostly in itia l-sam e  e.g. SHOE-SHOP, no t ending-sam e, e.g. SHOE-HOE. This choice 
was based on Hanson & McGarr's (1988) deaf co llege  s tu d e n ts ' erroneous rhyme 
responses to (w ritten ) s tim u lus words, e.g. (stim ulus) DOOR -  (response) DOG.
I t  is  possib le  th a t the eleven su b jec ts  who were la rge ly  su ccessfu l a t  
d e tec tin g  rhymes b e n e fit ted  from the s e t  of o rthograph ic  d is tra c to rs  used in 
the p resen t experim ent. (To a hearing  child  they would alm ost c e r ta in ly  no t be 
confusable with rhymes.) These more su ccess fu l rhymers might have emerged as 
orthograph ic coders w ith more su b tle  o rthograph ic d i s tra c to rs  based on in i t i a l  
consonant m anipulation, e.g. SHOE-HOE, GONE-BONE, HAVE-SAVE, such as those used 
in the c la ss ic  experim ent on hearing su b je c ts  by Meyer e t  a l. (1974). If  such 
s tim u li had been s u ita b le  fo r p resen ta tio n  in p ic tu re  form and had 
s ig n if ic a n tly  d is ru p ted  the rhyme judgement o f th ese  eleven su b jec ts , th is  
would dem onstrate an aw areness of rhyme d e riv a tio n  by segm enting s y lla b le s  
in to  onset and rime; i t  would dem onstrate, n o n e th e less , th is  aw areness a t  an 
orthographic level.
Hanson & Fowler (1987) c le a rly  dem onstrated such o rthograph ic p rocesses when 
they found th a t p re lin g u a lly  profoundly deaf co lleg e  s tu d e n ts  showed an e r ro r  
r a te  of over 70% on Meyer e t  a l 's  (1974) o rthograph ica  1 ly s im ila r bu t 
phono log ica lly  d is s im ila r  p rin ted  p a irs  (e.g. GONE-BONE) in a rhyme judgement 
ta sk . Of course, such a la rge  e f fe c t  might no t be expected in a p ic tu re  ta sk
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because the immediate o rthograph ic influence is  removed; however, in Campbell & 
W right's (1988) study , deaf ch ild ren  showed a marked e f f e c t  of o rthographic 
incongruence on judgement of non-rhymes w ith w ord-final s im ila r i ty  (e.g.
MAN-SWAN), n o t only fo r p rin ted  word p a irs  bu t a lso  fo r p ic tu re s  rep re sen tin g  
the same words. This g ives fu r th e r  support to  the in te rp re ta tio n  th a t such 
p ic tu re s  a re  coded in to  o rthograph ic form to  make the rhyme judgement, and 
th a t su b je c ts  in the cu rren t experim ent fa ll in g  in to  the Rhyme group would 
appear in the  O rthographic group given p ic tu re s  w ith w o rd -fin a l s im ila r ity .
Of course, many of the stim ulus words used in o th e r experim ents could no t be 
used in the c u rre n t experim ent because o f the c o n s tra in ts  of s e le c tin g  words 
th a t can be rep resen ted  unambiguous ly in drawings and the  need to  find five  
su ita b le  s tim u li to  form each s e t .  However, the inclusion  of Campbell &
W right's word p a ir  BOWL-OWL did have a no ticeab le  e f f e c t  on the Rhyme group in 
the cu rren t s tudy . Half of them erroneously  chose BOWL-OWL as a rhyme.
According to  tra d itio n a l phonological ru le s  (Venezky, 1970), the co rre c t rhyme 
CART-HEART is  an o r thograph ica lly  d is s im ila r  p a ir, bu t the  co rre c t response 
could be a sc e rta in e d  by segm enting HEART so as to rev ea l o rthograph ic 
s im ila r ity  w ith CART (HE/ART). 13 ou t of 20 su b jec ts  c o rre c tly  naming th is  s e t  
(65%) did id e n tify  the rhyming p a ir. This was an unusually  high proportion  
(the average was 43% success).
DOOR-SAW was id e n tif ied  as a rhyme by 11 o f the 14 Mixed coders in add ition  
to a l l  o f the Rhyme group. The exp lanation  fo r the su ccess  o f the sample on 
th is  word p a ir  appears to lie  in th e i r  pronunciation o f SAW. Many o f them 
pronounced the  two words in the same way: /dO/. In te re s tin g ly , 5 of the 6 
O rthographic coders fa iled  to  id e n tify  th is  p a ir  as a rhyme, su g g es tin g  the  
dominance o f orthography over a r tic u la tio n . The r e s t  o f the sample appeared
-2 0 4 -
to  be dominated by th e ir  a r t ic u la t io n  on th is  p a r t ic u la r  p a ir. Another 
unexpected a r tic u la to ry  influence was found in the  o rthograph ic  p a ir  BEAR- 
BEARD. This accounted fo r seven ou t of nine choices in the Mixed group. I t  
emerged th a t the /d /  was g en era lly  om itted in the s u b je c ts ' p ronunciation of 
BEARD, making i t  very s im ila r to  th e ir  p ronunciation of BEAR.
The Rhyme group had a s ig n if ic a n tly  h igher read ing  age than the Mixed group. 
This su g g e s ts  th a t profoundly deaf ch ild ren  need to  be reasonably  good re a d e rs  
to  judge rhyme in a p ic tu re  t e s t  which includes o rthograph ic  d is tr a c to r s .  
Campbell & Wright (1988) a lso  found a s ig n if ic a n t c o rre la tio n  between read ing  
age and re s is ta n c e  to  o rthograph ic incongruence in rhyme judgement. However, 
they found a co rre la tio n  between a r tic u la tio n  q u a lity  and p ic tu re  rhyme 
judgement, whereas the p resen t experim ent found a low co rre la tio n ; 
furtherm ore, the c o rre la tio n  between reading age and p ic tu re  rhyme judgement 
was only s lig h t ly  influenced by a r tic u la tio n  q u a lity . This may r e f le c t  the fa c t 
th a t the cu rren t study used tape record ings of the su b je c ts ' p ronuncia tion  of 
ten  words, ra te d  by two s p e c ia l is t  speech th e ra p is ts  fo r the deaf; Campbell & 
W right (1988) may have used live  speech sam ples, s in ce  th e ir  judges were the 
experim enter and two teach ers  a t  the su b je c ts ' school. The use of te ach e rs  
w ith experience of the su b jec ts  may tend to  r e s u l t  in h igher speech 
in te l l ig ib i l i ty  sco res being given on the b as is  o f the su b je c ts ' competence 
r a th e r  than th e ir  performance on the day of te s t in g . F am ilia rity  w ith a deaf 
speaker a lso  accustoms the l i s te n e r  to  the speak er's  id io syncrasies and how to 
in te rp re t  them. Moreover, live  p re sen ta tio n  allow s the judge to lip read  as 
w ell as  l is te n  to the su b jec t, a v i ta l  advantage if  the su b jec t mouths words 
adequately  bu t cannot produce the co rrec t sounds. A few such ind iv iduals were 
observed by the p resen t experim enter bu t no reco rd  was made of th is  and the 
ex p ert judges were denied th is  inform ation. Thus, ind iv iudals w ith reasonab le
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a r t ic u la t io n  bu t poor phonetic q u a lity  might do w ell in th is  task bu t appear 
(audibly) to  have poor speech in te l l ig ib i l i ty .
The absence o f a verba l m ediation e f f e c t  could in d ica te  two c o n tra s tin g  
p o s s ib i l i t ie s .  The f i r s t  is  th a t spontaneous subvocal a r tic u la tio n  was used 
throughout (thus masking any influence o f say ing  the p ic tu re  words aloud).
The question  of subvocal a r t ic u la t io n  is  a confused a rea . The experim ents of 
E dfeld t (1960) and many o th e rs  claim ing to  dem onstrate th is  phenomenon 
physio log ically  have been c r i t ic is e d  by Brooks (1988), who dem onstrated th a t 
many co n tro ls  were lacking in most of th ese  experim ents. Brooks does no t deny 
th a t subvocal a r t ic u la t io n  may occur; he. simply makes a plea fo r b e t te r  
co n tro ls  in fu tu re  experim ents to dem onstrate i t s  occurrence. If the su b je c ts  
in the cu rren t experim ent were a r t ic u la t in g  a l l  of the p ic tu re  names 
subvocally, th is  need not be re la te d  d ire c tly  to th e ir  audib le speech 
in te l l ig ib i l i ty ,  because the e r ro rs  common in deaf speech may only be verbal 
e r ro rs  ; the ch ild 's  in te rn a l re p re se n ta tio n  of the pronunciation of a word may 
be near p e rfe c t, w ith only the overt production of th a t word being flawed.
A lte rn a tiv e ly , the absence of a verbal m ediation e f f e c t  may dem onstrate th a t 
profoundly deaf ch ild ren  do not depend on a r t ic u la t io n  a t  a l l  to make rhyme 
judgements from p ic tu re s , in the way th a t very young hearing  ch ild ren  do (e.g. 
Richardson, 1987). This hypothesis would f i t  the in s ig n if ic a n t c o rre la tio n  
between a r tic u la t io n  q u a lity  and rhyme judgement found in the c u rre n t 
experim ent. Given the s ig n if ic a n t p o s itiv e  c o rre la tio n  between read ing  age and 
rhyme judgement, i t  is  possib le  th a t profoundly deaf su b jec ts  use th e ir  
o rthographic knowledge to  make rhyme judgem ents based on fam ilia r o rthograph ic  
p a tte rn s . Thus, the b e t te r  read e rs  may have employed a sp e c if ic  o rthog raph ic  
s tra te g y  o f search ing  amongst the four av a ilab le  p ic tu re s  in each s e t  fo r  the
206-
word with the same fin a l l e t t e r  as  the stem word. This s tra te g y  would have 
been su c c e ss fu l in th ree  of the ten  t r i a l s  (BEAR-CHAIR, BED-HEAD, SHOE-BLUE).
As noted above, matching the la s t  th re e  le t t e r s  was p o ssib le  w ith CART-HEART 
and the same s tra te g y  with BOWL-OWL led to  an erroneous response by h a lf  of 
the Rhymers. With o the r s e ts ,  b e t te r  read e rs  may have used a p rocess of 
e lim ination  o f the word endings to  a r r iv e  a t  the c o rre c t response (e.g. TRUCK, 
GRATER and CRAB have le ss  s im ila r  w ord -fina l o rthograph ic p a tte rn s  to  CRANE 
than does the rhyme TRAIN). Using th is  s tra te g y , su b je c ts  would be expected to  
choose KNIGHT-EIGHT as a matching p a ir , bu t only 2 ou t o f 7 Rhymers naming 
th is  s e t  c o rre c tly  made th is  choice, the  rem ainder s e le c tin g  the c o rre c t rhyme 
WHITE. This may be because they were no t aware of the c o rre c t sp e llin g  of 
EIGHT, knowing i t  only as a f ig u re . This could be checked by adm in istering  a
sp e llin g  t e s t  based on the p ic tu re s .
U nfortunately , the problem of am biguity in drawings was no t fu lly  overcome in 
the c u rren t s tim u lus s e t ;  although the p ic tu re s  were te s te d  on hearing  ch ild ren  
aged 9 to  11, modified, re te s te d  and m odified fu r th e r  if  necessary , th e re  were
unexpected gaps in the vocabulary o f the  deaf sample. 20 of the 31 boys could
not name the p ic tu re  of a CRANE (some claimed they had never seen one befo re) 
and 26 could not name the m usical NOTE co rrec tly . Hearing ch ild ren  did not 
find these  p ic tu re s  problem atic. However, th e re  were th re e  p ic tu re s  showing 
no ticeab le  naming e rro rs  in both deaf and hearing  sam ples: HEAD, PIE and CART. 
Although improvements were made to  th e se  p ic tu re s  befo re  showing them to  the 
deaf sample, i t  would appear w ith h in d s ig h t th a t the p ic tu re s  s t i l l  did no t 
convey th e ir  intended meaning unambiguously, as had been hoped. Ideally , th e re  
should have been a la rg e r pool of p ic tu re s  to work w ith and a deaf sample on 
which to t e s t  the p ic tu re s .
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In conclusion, viseme e f f e c ts  do appear to  be p rim arily  a fea tu re  of lip read in g ; 
when a deaf ch ild  has to r e c a ll  a p ic tu re  name to judge i t s  phonology, th e re  
is  no evidence of a tendency to re ly  on i t s  i t s  lip read  appearance. For a 
n o tab le  m inority  of the deaf sample, rhyme judgement was approxim ated by crude 
orthograph ic  matching, based on w o rd -in itia l s im ila r i ty  and thus dem onstra ting  
lack o f aw areness of the ru le s  o f segm entation fo r  rhymes. Almost h a lf  o f the 
sample showed no p a r t ic u la r  p a tte rn  of responses, su g g estin g  a weak under­
s tan d in g  o f the rhyme concept. N onetheless, one th ird  of the sample was 
r e la t iv e ly  su ccessfu l a t  judging rhyme from p ic tu re s . These su b jec ts  were the 
b e t te r  read e rs , but th e ir  audib le  Speech q u a lity  did no t c o rre la te  w ith th e i r
a b i li ty .  They deserve fu r th e r  study  to examine the  p o s s ib il i ty  of subvocal
a r t ic u la t io n  as th e ir  coding mechanism fo r making phonological judgem ents of 
p ic tu re  s tim u li. Although some profoundly deaf ch ild ren  appear to use 
o rthograph ic  coding of p ic tu re  s tim u li (or, more commonly, no p a tte rn  a t  a l l ) ,  
i t  is  p o ssib le  th a t these few use a r tic u la to ry  coding.
The o th e r  major question  ra ise d  by th is  experim ent is  the influence of 
orthography on rhyme judgement. This c a lls  fo r a s tudy  of the deaf s u b je c ts ' 
sp e llin g  p a tte rn s  and w hether they d iffe r-fro m  hearing  ch ild ren 's  sp e llin g s . If 
so, in what way ? Hearing ch ild ren  are  known to  s p e ll  phonetica lly  (e.g.
P e te rs , 1985); th a t is , i f  they a re  unsure of the c o rre c t sp e llin g  of a word,
th e ir  a ttem p t to  sp e ll i t  w ill be phonemically acc u ra te , or nearly  so. What
p rocesses do the profoundly deaf re ly  on to s p e ll  un fam ilia r words ? This 
w ill be examined in Experiment 6, bu t f i r s t  an experim ent w ill be described  
which examines the hypothesis of a r tic u la to ry  coding o f p ic tu re  s tim u li by the 
su ccess fu l rhymers in the p ic ture-rhym e experim ent.
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Chapter 11: ARTICULATORY SUPPRESSION AND ARTICULATORY CODING
Experiment 5: PSEUDOHOMOPHONE JUDGEMENT FROM PICTURES
11.1 O bjectives
Experiments 2 and 3 showed the influence o f v is u a l /a r t ic u la to ry  fa c to rs  on the 
perception  o f s i le n t  speech, fo r deaf and hearing  groups.
The p icture-rhym e experim ent (Experiment 4) on younger deaf ch ild ren  found 
th a t only one th ird  o f the sample could use the rhyme concept e f fe c t iv e ly ; the 
rem ainder e i th e r  coded o r thograph ica lly  o r showed a confused p a tte rn . The 
co rrec t p icture-rhym e p a ir  DOOR-SAW was id e n tif ie d  by 23 out o f 31 su b je c ts  
and i t  was noted th a t the m ajority  of them pronounced the two words in the 
same way: /dO/, suggesting  an a r tic u la to ry  influence on th e ir  judgement.
As described in Section 5.1.1, Hermelin & O'Connor (1973) sought to  in v e s tig a te  
a r tic u la to ry  in fluences on deaf ch ild ren 's  re c a ll ,  using p ic ture-rhym e 
m a te ria ls . However, they fa ile d  to dem onstrate independently any ro le  fo r 
a r tic u la tio n  in rhyme judgement. The verbal m ediation t e s t  described  in 
Experiment 4 s e t  ou t to t e s t  th is  more d ire c tly , by in s tru c tin g  s u b je c ts  to 
v e rb a lise  the s tim u li e x p lic it ly  in h a lf  o f the t r i a l s  and comparing th e ir  
success ra te  w ith th e ir  own s i le n t  t r i a l s .  The n u ll hypothesis s ta te d  th a t,  if  
su b jec ts  were im p lic itly  v e rb a lis in g  in the s i le n t  t r i a l s ,  th e ir  sco re s  should 
be s im ila r to the e x p lic it ly  verba lised  t r i a l s .  The a l te rn a t iv e  hypo thesis  of 
nonverbal spontaneous m ediation p red ic ted  a d iffe re n ce  in the sco re s  because 
of the a r tic u la to ry  advantage in the verbal t r i a l s  over s i le n t  t r i a l s  in which 
th e re  was no subvocal m ediation. The finding  was th a t rhyme sco res  in verbal
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and s i le n t  t r i a l s  were not s ig n if ic a n tly  d if fe re n t ,  th e re fo re  the n u ll 
hypothesis could no t be re jec ted .
This assumes of course th a t verbal m ediation is  b e n e fic ia l fo r profoundly deaf 
ch ildren  in non-memory te s ts ;  i t  has p rev iously  only been dem onstrated to be 
b en e fic ia l as  a mnemonic aid  fo r hearing  ch ild ren  (Keeney e t  a l ,  1967). I t  is 
equally  p o ssib le , from the r e s u l t s  ob tained , th a t o v e rt v e rb a lis in g  o f the 
p ic tu re  names had no e f fe c t on the  deaf su b jec ts , because they were using 
something o th e r than a r tic u la to ry  coding. In th a t case, v e rb a lis in g  may not 
improve th e ir  performance over s i le n t  t r i a l s ,  p a r tic u la r ly  as no demands were 
made om memory capacity . C learly , a more s tr in g e n t t e s t  o f a r tic u la to ry  coding 
is  requ ired . This can be provided by the a r tic u la to ry  suppression  technique, 
which o p era te s  by preventing  sub vocal a r t ic u la t io n  r a th e r  than enforcing  o v ert 
a r tic u la tio n  of the experim ental s tim u li.
Experim ental evidence su g g es ts  th a t the a r tic u la to ry  suppression  technique is 
u se fu l no t as a measure of phonological coding, as o r ig in a lly  thought, bu t 
sp e c if ic a lly  as  a measure of a r t ic u la to ry  p rocesses (see sec tio n  5.2.5). We 
now know th a t ,  fo r hearing a d u lts  and ch ild ren , these  a r t ic u la to ry  p rocesses 
a re  not involved in homophone judgement bu t only in rhyme judgement. The 
question  to  be posed in the cu rren t experim ent is  w hether the p re lin g u a lly  
profoundly deaf ch ild ren  who were ab le to  make a s ig n if ic a n t number o f c o rre c t 
p ic ture-rhym e judgements in the preceding experim ent were using  a r t ic u la to ry  
p rocesses alone to  make th e ir  judgem ents. The a r t ic u la to ry  suppression  
technique can be seen as a too l fo r examining th is  issu e , b u t in the  con tex t 
of a rhyme judgement task, i t  would no t d iscrim in ate  deaf from hearing  ch ild ren  
because of the a r tic u la to ry  demands of rhyme segm entation. A homophone 
judgement task  would be more app ro p ria te  because hearing  su b jec ts  a re  known to
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be imraune to  a r tic u la to ry  in fluences in such ta sk s , th e re fo re  the com bination 
of a r tic u la to ry  suppression  and homophones is  a more pure te s t  of a b s tr a c t  
phonological awareness than a r tic u la to ry  suppression  combined with rhyme 
judgement. In a rhyme judgement experim ent using  a r tic u la to ry  suppression , 
p a s t re sea rch  ind ica tes  th a t hearing  su b jec ts  would be expected to  show 
suppression  e f fe c ts .  However, using  a homophone paradigm, hearing  s u b je c ts  
should be immune to  suppression  e f f e c ts  whereas th e  deaf, i f  using 
a r tic u la to ry  coding, would be su sc ep tib le .
In Experiment 4, the m ajority  o f p re lin g u a lly  profoundly deaf ch ild ren  were 
unable to match rhyming p ic tu re s  s ig n if ic a n tly  above the level of chance. I t  
rem ains to  be seen how one subgroup of the deaf ch ild ren  could match p ic tu re  
rhymes su ccessfu lly . The level of success a t  rhyme judgement c o rre la te d  
h ighly  with reading age, and th e re  was a very s l ig h t  influence of ra te d  speech 
in te l l ig ib i l i ty .  Of course, the l a t t e r  ra tin g  was based on tape recorded d a ta , 
whereas some su b jec ts  compensated fo r poor aco u s tic  q u a lity  by c le a r  v isu a l 
speech, which was not measured e x p lic it ly  (see se c tio n  10.5). I t  is  p o ssib le  
th a t they were re ly ing  on a r tic u la to ry  coding to judge rhymes, as o rthog raph ic  
and visem ic coding were co n tro lled  fo r. This w ill be in v estig a ted  nex t.
Only the eleven su b jec ts  forming the Rhyme group a re  of in te re s t  here , bu t 
th e ir  performance is  compared with hearing  su b je c ts  matched fo r read ing  age. 
The chosen task  was one in which su b jec ts  judge p ic tu re  -  nonword p a irs  fo r 
homophony (cf. Barron & Baron, 1977). Half of the  nonwords a re  
pseudohomophones (e.g. PHOCKS fo r FOX).
If the deaf su b jec ts  show d if f ic u l ty  matching p ic tu re s  w ith pseudohomophones 
under the a r tic u la to ry  suppression  condition, th is  w ill be in te rp re te d  as
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Ind ica ting  th a t  the a r tic u la to ry  p rocess of post-assem bly  segm entation  has 
been d isru p ted , s in ce  th is  process appears to  be what a r tic u la to ry  suppression  
preven ts  in hearing  su b jec ts . This r e s u l t  would th e re fo re  in d ica te  th a t  the 
deaf su b jec ts  had been using  an a r t ic u la to ry  matching s tra te g y  to  judge both 
rhymes and pseudohomophones.
Hearing ch ild ren  should show immunity to  suppression  e f fe c ts ,  follow ing 
Richardson <1987) and o th e rs , because, although the pronunciation  o f the 
pseudohomophone has to  be assembled, i t  can then be matched w ith the p ic tu re  
name p o s t- le x ic a lly , through addressed phonology, which is  unaffec ted  by 
a r tic u la to ry  suppression .
All su b jec ts  should score highly in the con tro l condition involving u n re la ted  
muscle a c t iv i ty  (foo t-tapp ing ). That is  to  say, fo r these  deaf su b je c ts  as 
w ell as hearing  su b jec ts , the homophony task  i t s e l f  (in the absence of 
a r tic u la to ry  suppression) should be easy.
If both groups of su b jec ts  showed a decrement under a r tic u la to ry  suppression , 
th is  would show th a t young hearing  ch ild ren  use an a r t ic u la to ry  code a s  well 
as o lder deaf ch ild ren  ( th is  p o ss ib il i ty  has been proposed by M itte re r  (1982) 
and Besner (1987) fo r very young read e rs);
A s l ig h t  suppression  e f fe c t  fo r the hearing  group but a la rge  supp ression  
e f fe c t  fo r the deaf group would be follow ing the trend  of the f i r s t  hypo thesis 
p resen ted  here  (i.e . worse performance under suppression  than under a con tro l 
condition fo r the deaf group), bu t i t  would ind ica te  th a t the hearing  group was 
d is tra c te d  more by the physical demands of a r t ic u la to ry  supp ression  than the
212-
demands of the con tro l task . This would mean th a t the co n tro l task  was not 
properly matched with a r tic u la to ry  suppression  fo r m uscular e f fo r t ;
If n e ith e r  group showed a suppression  e f fe c t ,  th is  would ind ica te  th a t these  
p a r tic u la r  deaf su b je c ts ' understanding  o f homophony is  no t based on 
a r tic u la to ry  coding. If th is  should be the outcome, then the co rre la tio n  
between read ing  age and su ccess fu l rhyme judgement in the  p icture-rhym e 
experiment would po in t towards the suggestion  th a t th ese  eleven deaf su b je c ts  
employ a reasonably  so p h is tic a te d  understanding  of English orthography to  make 
rhyme and homophony judgements, follow ing Hanson (1989).
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11.1.1 Validation of nonword stimuli 
S u b je c ts
Two c la sse s  of ch ild ren  (aged 7-9  years) in a lo ca l Church of England 
secondary school <38 ch ild ren  a lto g e th e r)  p a r tic ip a te d  in the v a lid it iy  study . 
There were 20 g i r l s  and 18 boys.
M a teria ls
Of the f i f t y  p ic tu re s  used in the  p ic ture-rhym e experim ent (see Appendix 2), 
the  th ree  d u p lica te s  GEE, HONEY and SAW) were removed. A fu r th e r  ten  
p ic tu re s  were excluded because o f naming d i f f ic u l t i e s  fo r  deaf su b jec ts .
These were;
BEARD, KNIGHT, GRATER, NOTE, CRANE, HEAD, PIE, CART, MAZE and TRUCK.
This l e f t  37 p ic tu re s , to  which were added 8 o f the  p ra c tic e  p ic tu re s  from 
Experiment 4, a l l  named su ccess fu lly  by the deaf su b jec ts . These were;
KITE, CASTLE, RED, GREEN, BLACK, BALLOON, CHURCH and CHAIN.
These 45 p ic tu re  names were each assigned  a pseudohomophone match (e.g.
CASTLE -  KARSUL) and a pronounceable o rthograph ic  nonword match (e.g.
CASTLE -  CASLET). The pseudohomophone was designed to  be orthograph ica lly  
d is s im ila r  to  the p ic tu re  name and the o rthograph ic  match was designed to  
sh are  w ritte n  fe a tu re s  w ith the  p ic tu re  name, p a r tic u la r ly  the f i r s t  two o r 
th ree  le t t e r s ,  depending on the length of the word. This followed Hanson & 
McGarr's (1988) find ing  th a t deaf co llege s tu d e n ts  o fte n  considered words w ith 
the  same in i t ia l  le t t e r s  to  be rhymes (e.g. DOOR -  DOG). This finding  was 
supported  in the p ic ture-rhym e experim ent (Experiment 4).
The orthograph ic  nonwords were a l l  matched fo r word length  w ith the pseudo­
homophones. The p ic tu re  names a re  l is te d  in f u l l  w ith the pseudohomophones
and o rthograph ic nonwords in Table 11.1.
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11.1: I n i t i a l  s tim u li fo r  a r t ic u la to ry  suppression  experim ent
P ic tu re Pseudo­ O rthographic
name homophone match
1. WHITE WYTE WHITT
2. EIGHT AITE EGITE
3. NINE NIGN NINN
4. DRAGON DRAGGEN DRANGOR
5. BED BEHD BEÜD
6. BEE BEA BER
7. PEN PENNE PEEN
8, PILLOW PILLOE PILWOL
9. KEY KEE KEU
10. BELL , BELH BELC
11. HONEY HUNNI HONEG
12. TRAIN TRANE TRAUN
13. CRAB KRABB CRABE
14. HEART HARTE HEATE
15. CARROT KARRUT CAROYN
16. GATE G AITE GATS
17. HORSE HOARSS HOPSER
18. BOAT BOTE BOAN
19. BOOT BUWT BOWT
20. MOON MUWN MONE
21. SEA CEE SES
22. SHOE SHEW SHOL
23. BLUE BLUWE BLUGE
24. SHOP SHOPPE SHOMPH
25. DOOR DAW DOO
26. SAW SOR SAO
27. DOG DOGGE DOGRE
28. TWO TOOW TWOG
29. HANDLE HANDUL HANDEE
30. BEAR BAIR BEAP
31. CHAIR CHARE CHARI
32. BOWL BOLE BOWD
33. COAL COLE COAD
34. OWL OÜLE OWRI
35. POOL PUWL POLS
36. SPOON SPUWN SPONE
37. FOOT PHOOT FOOFS
38. CASTLE KARSUL CASLET
39. KITE KIYT KITY
40. BALLOON BULUWN BALONO
41. CHAIN TCHANE CHANIS
42. . CHURCH TCHERCH CHUCHET
43. RED WREDD REDEW
44. GREEN GRENE GRENS
45. BLACK BLAKK BLACE
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The 45 p ic tu re  name/pseudohomophone p a irs  and 45 p ic tu re  nam e/orthographic 
match p a irs  were randomly a llo ca ted  to  two word l i s t s  (see Appendix 5.1) which 
were d is tr ib u te d  a l te rn a te ly  w ith in  each c la ss  to  avoid ch ild ren  copying th e ir  
neighbours.
Procedure
The ch ild ren  were given in s tru c tio n s  in the  form o f a sh o r t  lesson on 
homophones, in which the experim enter used the blackboard to  i l lu s t r a t e  words 
th a t "sound the same bu t a re  sp e lled  d iffe re n tly " . Examples given were:
PAW -  POUR, RAIN -  REIGN, HARE -  HAIR, PLAIN -  PLANE, PIECE -  PEACE and 
KNOT -  NOT. The children were then given the word l i s t s  and to ld  th a t th ese  
contained "made-up nonsense words" beside re a l words. The verbal in s tru c tio n s  
were :
"Look fo r the nonsense words th a t re a l ly  sound like the r e a l  word beside them 
and tick  these . Nonsense words th a t do not sound the same as the re a l word 
should be le f t  blank. You do not need to put your name on the sh ee t as you 
are  not perso n a lly  being te s te d . I t  is  the words th a t a re  being te s te d  by 
you."
An example was w ritten  on the blackboard: Real Nonsense
CAN KANN
CAN KANE
Prin ted  a t  the top of the word l i s t  were the in s tru c tio n s :
"Put a tick  ( /)  nex t to p a irs  th a t sound the same (like  CAN and KANN)."
The ch ild ren  were then allowed to  f i l l  in the form in th e ir  own time.
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iPesi/its
The level of agreem ent fo r  each stim ulus is  shown in Appendix 3.
T o tal (or n e a r - to ta l )  agreem ent w ith the o rig in a l ca te g o risa tio n  o f s tim u li was 
no t considered e s s e n tia l  in th is  va lid a tio n  study , s in ce  each deaf su b je c t was 
to  be matched fo r read ing  age w ith  a hearing  su b jec t and i t  was th e ir  r e la t iv e  
perform ance th a t was o f in te re s t ;  the v a lid a tio n  study  was used merely to  
is o la te  the p ic tu re  name /pseudohomophone /o rth o g rap h ic  match tr ia d s  w ith  the  
le a s t  agreem ent as to  th e ir  homophony by hearing  ch ild ren . T riads w ith 
mediocre agreement on both of the nonsense words were considered le s s  u se fu l 
than tr ia d s  fo r which one nonsense word was accepted by le ss  than 50% of 
su b je c ts  but the o th e r was alm ost u n iv e rsa lly  accepted.
The r e s u l t s  showed th a t th re e  tr ia d s  were a sso c ia ted  w ith poor agreem ent in 
both the pseudohomophone and the orthographic match p a irs . These were:
MOON (MUWN 72% h i t '  ra te ;  MONE 60% 'co rrec t re je c tio n ') ;
BED (BEHD 60% 'h i t '  ra te ;  BEUD 67% 'c o rre c t re je c tio n ') ;
PEN (PENNE 55% 'h i t '  ra te ;  PEEN 50% 'c o rre c t re je c tio n ') .
These th ree  s e ts  were th e re fo re  re je c ted .
On the rem aining 42 tr ia d s ,  th e re  was a mean of 84% agreem ent w ith the 
c a te g o risa tio n s  (Range: 61% to  100%).
The 20 tr ia d s  w ith le ss  than 80% agreement on one o r both of the nonsense 
words a re  shown in Table 11.2.
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Table 11.2: T riads w ith le ss  than 80% agreem ent on one o r both nonword:
P ic tu re Pseudo­
homophone
'H it' O rthographic
m atdi
C orrect 
r e  lec tio n
Mean
KEY KEE 100 KEU 78 89
FOOT PHOOT 78 FOOFS 100 89
GATE GAITE 78 GATS 100 89
PILLOW PILLOE 95 PILWOL 78 87
BELL BELH 72 BELC 100 86
DRAGON DRAGGEN 75 DRANGOR 94 85
OWL OULE 78 OWRI 90 84
HEART HARTE 90 HEATE 78 84
WHITE WYTE 94 WHITT 70 82
BLACK BLAKK 100 BLACE 60 80
CHAIR CHARE 85 CHARI 72 79
DOG DOGGE 65 DOGRE 89 77
EIGHT AITE 100 EGITE 45 73
SHOP SHOPPE 56 SHOMPH 90 73
CHAIN TCHANE 50 CHANIS 95 73
NINE NIGN 80 NINN 61 71
CHURCH TCHERCH 33 CHUCHET 100 67
BOOT BUWT 85 BOWT 44 65
SPOON SPUWN 85 SPONE 39 62
CRAB KRABB 95 CRABE 22 59
The lowest percen tage agreement on the homophony of a pseudohomophone was 
33% fo r TCHERCH (CHURCH). A s im ila r pseudohomophone, TCHANE (CHAIN) rece ived  
the next low est ’h i t '  r a te  of 50%. However, th e ir  corresponding o rthograph ic  
matches, CHUCHET and CHAN IS, recieved  100% and 95% agreem ent re sp e c tiv e ly  on 
th e ir  non-homophony and the two tr ia d s  were th e re fo re  re ta in e d  in the s e t .  
The pseudohomophone sp e llin g s  were ad ju sted  to CHERTCH and CHAYNE, re sp e c t­
ively  (to conform more to  English orthography), and passed inform al te s t in g .
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The low est percen tage agreem ent on the  non-homophony o f an orthograph ic 
non word was 22% fo r CRABE (CRAB), followed by 39% fo r SPONE (SPOON). Again, 
the corresponding pseudohomophones scored highly so the  tr ia d s  were re ta in e d . 
( I t  would appear th a t the o rthograph ic  ru le  known to  teach ers  as the "magic 
•e"' was unknown to  most of th e se  ch ild ren . This was unexpected and i t  was 
considered th a t  th is  might be a problem sp e c if ic  to  th is  school, so  the two 
nonwords were not a lte re d . This w ill be examined fu r th e r  in the main 
a n a ly sis .)
The only o th e r  a l te ra t io n  made was to  change the pseudohomophone fo r COAL 
from COLE to  KOLE, because o f the proper name o f the  nu rsery  rhyme ch a ra c te r  
Old King Cole.
In summary, 22 of the 45 tr ia d s  received  a t  le a s t 80% agreem ent on the 
homophonie s ta tu s  of both nonwords and, of the rem aining 23, 20 received  a t  
le a s t  80% agreem ent on one of the nonwords. Three tr ia d s ,  in which n e ith e r  
nonword achieved 80% agreem ent, were re jec ted , leaving 42 tr ia d s  to be used in 
the main experim ent. Since each deaf child  was to  be matched fo r read ing  age 
with a hearing  child  and te s te d  in both a r t ic u la to ry  suppression  and co n tro l 
conditions, r e la t iv e  performance was the c r i t ic a l  m easure r a th e r  than ab so lu te  
agreem ent w ith  a s tandard ised  c o rre c t score. N onetheless, th is  v a lid a tio n  
study elim inated  the most d i f f ic u l t  s tim u li. In the follow ing experim ent, 
p re lin g u a lly  profoundly deaf boys who were su c c e ss fu l in the p ic tu re-rhym e 
experim ent w ill be compared w ith hearing  ch ild ren  in a homophony judgement 
task , again  using  p ic tu re s  to e lim in a te  verbal inpu t. A rticu la to ry  su pp ression  
w ill be used to  t e s t  fo r a r t ic u la to ry  coding of pseudohomophones, which show 
no e f fe c t  o f suppression  in hearing  samples.
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11.2 S ubjects and method
11.2.1 S ub jec ts
The eleven  profoundly deaf boys who were c a teg o rised  as su ccessfu l a t  p ic tu re -  
rhyme Judgement in Experiment 4 were se lec ted  fo r  th is  experim ent. (All o th e r 
su b je c ts  in the p ic ture-rhym e experim ent had rhyme sco res  w ith binom ial 
p ro b a b il i t ie s  g re a te r  than .1 and were excluded from the Rhyme group on th e se  
grounds.) Included in th is  group was the b o rd e rlin e  case (subject no. 5) who 
had a s ig n if ic a n t rhyme sco re  bu t a lso  a s ig n if ic a n t  orthograph ic sco re . 
U nfortunate ly , one of the  eleven su b jec ts  was no t av a ilab le  a t  the time of 
te s t in g  (sub ject no. 10). The rem aining ten  su b je c ts  had a mean age of 14.0 
years  (range: 12.8 to 15.8) and th e ir  mean read ing  age was 10.2 (range: 8.1 to  
11.0). Background d e ta i ls  o f these  su b jec ts  a re  shown in Table 11.3.
All ten  su b jec ts  were p re lin g u a lly  profoundly deaf w ith mean hearing  lo ss  in 
the b e t te r  e a r ranging from 85dB to llOdB (group mean: 99dB). They a tten d ed  a 
p r iv a te  school fo r deaf boys em phasising o ra l education.
The deaf su b jec ts  were ind iv idually  matched fo r read ing  age (using the  P.A.R.T.) 
w ith hearing  boys from a co -educationa l Roman C atholic school. In th is  co n tro l 
group, chronological age ranged from 8.7 to 9.8 (mean: 9.3). Their h earin g  was 
rep o rte d  to  be normal.
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Table 113 : Background d a ta  on profoundly deaf su b je c ts
No. IJ). Oiron. Reading Speech Rhyme Binomial
age age Max=12 score prob.
29. R.W. 14.5 11.0 7 7/10 .0031
7. T.W. 12.8 10.9 12 8/10 .0004
5. M.B. 14.7 10.7 6 4/8 .0865
16. H.S. 12.8 10.6 9 5/7 .0115
13. D.C. 14.7 10.5 8 6/7 .0013
21. S.C. 14.4 10.5 11 6/7 .0013
30. C.S. 13.7 10.3 10 6/9 .0087
24. P.T. 12.8 10.2 2 4/8 .0865
19. J.W. 15.8 9.4 6 4/6 .033
14. S.S. 13.4 8.1 5 3/5 .0879
Mean : 14.0 10.2
Not a va i lab le :
10. D.H. 16.4 9.5 1 3/4 .0469
M aterials
Forty-tw o p ic tu re s  corresponding to  the 42 p ic tu re  names se le c te d  in the  
va lida tion  s tudy  were used. The p ic tu re s  were photocopies of the 4" x 4" 
drawings used in the p ic ture-rhym e experim ent, coloured in to match the 
o rig in a ls . Each p ic tu re  was mounted on 1/16" card measuring 7" x 7" and 
randomly a llo c a te d  to one of two groups of cards made in to  ring-bound ‘f l ip ' 
booklets con tain ing  21 p ic tu re s  each.
In add ition , e ig h t p rac tice  p ic tu re s  were mounted on 5" x 5" cards. These 
were: SHEEP, BOOK, FOX, WOOL, TEN, MOON, BED and PEN.
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The o rder of p re sen ta tio n  of th e  42 matched pseudohomophones and orthograph ic 
nonword p a irs  corresponded to  the  o rd er of p ic tu re s  in the two bookle ts. For 
each booklet, the p resen ta tio n  o f the  nonwords was randomly assigned  to  two 
l i s t s .  Thus, L is ts  1 and 4 contained  11 pseudohomophones and 10 orthograph ic  
nonwords; L is ts  2 and 3 contained 10 pseudohomophones and 11 o rthograph ic 
nonwords.
Table 11.4 i l lu s t r a t e s  th is  procedure. The 'o 's  re p re se n t o rthograph ic  non words 
and the 'p 's  re p re se n t pseudohomophones.
Table 11.4; A llocation  o f  pseudohomophones and o rthograph ic  nonwords to  l i s t s
Book A 
P ic tu re L is t 1 L is t  3
; Book B 
P ic tu re L is t 2 L is t
1. DRAGON o P GREEN P o
2. BLACK P o TWO o p
3. HONEY o p BALLOON P o
4. TRAIN o p BOWL o p
5. WHITE p o HEART o p
6. KITE p o BLUE o p
7. BOOT o p KEY o p
8. CHURCH p o CASTLE p o
9. SPOON o p SEA p o
10. COAL o p HANDLE p o
11. GATE p o DOG o p
12. RED p o CRAB o p
13. FOOT p o SHOP p o
14. BEE o p CHAIN p o
15. EIGHT p o CARROT p o
16. BEAR o p PILLOW o p
17. OWL p o SAW p o
18. NINE o p BOAT o p
19. HORSE p o BELL p o
20. POOL p o DOOR o p
21. SHOE o p CHAIR o p
The four l i s t s  were incorporated in fou r BBC BASIC computer program s (see 
Appendix 3), allow ing the su b jec t to  s i t  before a VDU and read  the  words from 
the screen , appearing in the same o rder as the p ic tu re s  in each booklet, bu t 
counterbalanced across a r tic u la to ry  suppression  and co n tro l conditions.
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Four of the e ig h t p ra c tic e  p ic tu re s  were assigned  pseudohomophones 
(SHEEP-SHEPE, FOX-PHOKS, TEN-TENN, BED-BEDDED) and the rem aining four were 
assigned  o rthograph ic nonwords (BOOK-BOKOJ, WOOL-WAOLM, MOON-MOINED, PEN- 
PSEEND). (* The v a lid a tio n  s tudy  used BED-BEHD, MOON-MONE and PEN-PEEN,)
A cu sto m -b u ilt e lec tro n ic  box was used to record  yes/no  responses. I t 
measured 5" x 3%" x 2". On the top were two push b u tto n s, 2" a p a r t, lab e lled  
'y es’ and 'no' in black upper case l e t t e r s  5mm high. The labels  were p r in te d  on 
adhesive paper so th a t they could be reversed  fo r counterbalancing ac ro ss  
su b jec ts .
A Forth Instrum ents Ltd. e le c tro n ic  m/sec. reac tio n  tim er (Model 112) was 
connected to  the yes/no box. The experim enter s ta r te d  the tim er as each 
stim ulus appeared on the screen  and the su b jec t stopped the tim er by p re ss in g  
the yes or no button .
A metronome was used to  re g u la te  counting or tapping to  th ree  b ea ts  per 
second. A fo o t pedal (from a sewing machine) was used fo r the foo t tapp ing  
condition, placed d ire c tly  in f ro n t of the su b je c t 's  fe e t .  Subjects were 
allowed to a d ju s t i t  to  the  most com fortable p o s itio n .
11.2.2 Procedure
The su b jec ts  were given w ritte n  in s tru c tio n s  as shown o v erlea f, followed by 
p rac tice  t r i a l s  which fa m ilia rised  the sub jec t w ith each element o f the ta sk  in 
sequence (pseudohomophones, the  yes/no response box, fo o t tapping, a r t ic u la to ry  
suppression).
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INSTRUCTIONS
I want you to think about words th a t sound exac tly  the same although th e ir  
sp e llin g  is  d if fe re n t.
For example, HARE (like  a ra b b it)  sounds the  same as HAIR (on the head).
Here a re  some more examples: MEET AND MEAT KNOT and NOT
PIECE and PEACE PAW and POUR
PLAIN and PLANE RAIN and REIGN
In th is  experim ent I w ill be showing you words I have made up.
You w ill have to  say i f  you think they sound the same as r e a l  words.
For example, the made-up word 'RANE' sounds the same as RAIN;
but 'RANS' and 'FANE' do no t sound the  same as RAIN.
F ir s t  you w ill look a t  a p ic tu re  o f an ob jec t and think of the p ic tu re  word 
(such as a p ic tu re  of a HOUSE);
You w ill then see  a made-up word on the computer screen  (e.g. HOSEY).
P ress the YES bu tton  in fro n t of you if  you think they sound the same, or 
the NO button  if  you think they sound d if fe re n t.
Do no t p ress  a bu tton  u n ti l  you have decided.
T ell me if  you p re ss  the wrong bu tton  by m istake.
STOP HERE and we w ill p ra c tis e  th is  method on two p ic tu re  t r i a l s .
[ SHEEP -  SHEPE 
BOOK -  BOKOJ ]
Now you have tr ie d  the task , there  is  ano ther th ing  to  explain:
For a l l  of the t r i a l s  I w ill ask you to do something a t  the same time.
You w ill EITHER be tapping your foo t on the pedal on the flo o r
OR rep ea tin g  "1,2,3,4; 1,2,3,4..." ou t loud as you watch the screen .
We w ill f i r s t  p ra c tis e  the foo t tapping task  on th ree  p ic tu re  t r i a l s  
then we w ill try  the counting task. I w ill show you how f a s t  to  do th is .
You w ill look a t  the p ic tu re  and think o f the p ic tu re  word.
At the 'START NOW' message, s t a r t  tapping (or counting aloud).
You can sto p  as soon as you have p ressed  the YES o r NO bu tton .
STOP HERE to  try  th is  out on th ree  tapping t r i a l s  C FOX -  PHOKS
WOOL -  WAOLM 
TEN -  TENN 1
and then th ree  counting t r i a l s .  [ MOON -  MOINE
BED -  BEDDE 
PEN -  PSEEN ]
A fter th is  p ra c tic e , we w ill s t a r t  the  experim ent using books of p ic tu re s . When 
you have p ressed  one of the b u ttons, look a t  the nex t p ic tu re  in the book.
You can r e s t  a t  the end of each book. For one book you w ill tap , and we 
sw itch  over to counting fo r the next book.
Ask me now if you have any questions about these Instructions.
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When the f i r s t  p ic tu re  had been placed before the su b jec t, to  one s id e  of the 
BBC microcomputer VDU, the corresponding pseudohomophone o r con tro l word was 
presented  in the cen tre  of the computer screen , tr ig g e re d  by the experim enter 
p ressing  the re tu rn  key on the com puter keyboard. The su b jec t had to  p ress  
the 'Yes' key on the box in f ro n t o f them if  the d isplayed word "sounds the 
same" as the  p ic tu re  name o r p re ss  the  'No* key i f  the word "sounds d iffe re n t" . 
P ressing e i th e r  key au tom atically  stopped  the m/sec. tim er and the keyed 
response tr ig g e re d  a screen  d isp lay  o f "YES" to  the 'Yes' key o r "NO" to the 
'No' key, which was recorded by the experim enter, along w ith the displayed 
reac tio n  time. The experim enter then exposed the nex t p ic tu re  in the booklet 
and continued the computer sequence.
There were four computer programs, one fo r each non word l i s t .  Two of these 
l i s t s  were p resen ted  under an a r t ic u la to ry  suppression  condition  (repeating ;
"1,2,3,4" a t  3 sy lla b le s  per second, to  a metronome); the o th e r  two under the 
con tro l condition  (tapping one foo t, a t  the same speed). The l i s t s  in each 
condition were counterbalanced ac ro ss  su b jec ts , such th a t a l l  su b jec ts  saw the 
two p ic tu re  bookle ts a l te rn a te ly  under a r tic u la to ry  suppression  and con tro l 
conditions, and then vice versa. There was a sep a ra te  program fo r the p rac tice  
l i s t .
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11.3 A nalysis
11.3.1 E rro r d a ta
S ub jec ts ' e r ro r  sco res a re  shown In Table 11.5. Each deaf su b jec t is  shown in 
bold, w ith th e ir  hearing  co n tro l (matched fo r read ing  age) on the line below. 
E rro rs  a re  broken down in to  a r t ic u la to ry  suppression  and con tro l (foot tapping) 
conditions. A to ta l  o f 42 e r ro rs  would ind icate  a su b je c t was using guesswork.
T ab le  11 .5 : F requency  o f  e r r o r s  (Deaf s u b je c t s  in  bo ld )
I.D . Chron. R eading NO. ERRORS TOTAL
age age A rtie . C o n tro l
R.W. 14.5 11.0 8 3 11
S.D. 8 .9 10.9 6 5 11
T.W. 12.8 10.9 12 12 24
M.B. 9 .8 10. 9 5 4 9
M.B. 14.7 10.7 16 19 35
P. B. 9. 8 10. 7 13 9 22
H.S. 12.8 10.6 12 15 27
T.B. 9 .8 10.6 7 6 13
D.C. 14.7 10.5 17 19 36
S.M. 8 .9 10.5 5 4 9
S.C. 14.4 10.5 8 4 12
C.M. 9 .5 10.6 20 19 39
C.S. 13.7 10.3 20 15 35
S.C. 9. 4 10.3 12 - 16 28
P.T . 12.8 10.2 8 13 21
B.S. 9 .0 10.3 11 11 22
J.W. 15.8 9 .4 18 14 32
L.K. 8 .8 9 .0 10 15 25
S. S. 13 .4 8 .1 24 25 49
P.S . 9 .0 8 .0 19 13 32
Mean (d e a f)  = 14.3 13.9 2 8 .2
(h e a rin g ) = 10.8 10. 2 21
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Analyses of counterbalancing confirmed th a t th e re  was no p rac tice  e f f e c t  
( F<3,76)=0.4, N.S.), no d if f e r e n t ia l  e f fe c t  of the two p ic tu re  booklets 
( F (1 ,38)=0.04, N.S.) nor of the four nonword l i s t s  < F (3,76)=0.8, N.S.) and no 
e f f e c t  of p re sen ta tio n  o rder of the l i s t s  < F(3,16)=0.6, N.S.) nor of o rd er o f 
d is  tr a c to r  conditions ( F<1,18)=0.6, N.S.).
Three deaf su b jec ts  fa ile d  to  m aintain the a r tic u la to ry  suppression , on 5, 10 
and 18 t r i a l s ,  re sp ec tiv e ly , ou t o f 42 a r tic u la to ry  suppression  t r i a l s ,  bu t in 
fa c t th is  made no d iffe re n ce  to  th e ir  performance. Failed  suppression  t r i a l s  
were a c tu a lly  le ss  accu ra te  than m aintained suppression  t r i a ls .  These th ree  
su b jec ts  were, no tab ly , the le a s t  su ccessfu l of th e ir  subgroup in the p ic tu r -  
rhyme experim ent, w ith binomial p ro b a b ilit ie s  fo r th e ir  rhyme sco res of over 
.08 (see Table 11.3) compared to a mean of .008 fo r the rem aining seven 
su b jec ts .
As in any pseudohomophone experim ent, the c la s s if ic a t io n  'e r ro r ' may include 
cases of d isagreem ent about how a nonword is  pronounced, as w ell as genuine 
e r ro rs . Examination of the d a ta  from th is  experim ent showed near u n iv e rsa l 
disagreem ent in the case of the s tim u li SPOON-SPONE and CRAB-CRABE. This 
in d ica te s  th a t a lack of app rec ia tio n  of the "magic 'e '" ru le , which was 
ev iden t in the v a lid a tio n  study , is  not r e s t r ic te d  to  the ch ild ren  and the 
school te s te d  in th a t s tudy . I t was th e re fo re  decided to  remove th ese  t r ia d s  
(SPOON-SPÜWN-SPONE; CRAB-KRABB-CRABE) from fu r th e r  an a ly sis .
A two-way an a ly sis  of variance (Hearing s ta tu s  by Suppression) was c a rr ie d  ou t 
on the e r ro r  data . Suppression was a repea ted  m easures fac to r  and Hearing 
s ta tu s  was an independent groups fac to r. The r e s u l t s  a re  ou tlined  in Table 
1 1 .6 .
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Table 11.6: Two-way an a ly sis  o f variance: Hearing s ta tu s  by Suppression
SOURCE SS DF MS F Sig. of F
Between su b je c ts
Hearing s ta tu s  122.5 1 122.5 2.1 N.S.
E rro r (H> 1030.6 18 57.3
Within su b je c ts
Suppression 1.6 1 1.6 0.3 N.S.
S X H 6.4 1 6.4 1.0 N.S,
E rro r (S> 112.0 18 6.2
( H = hearing  s ta tu s  S = suppression  )
None of the comparisons was s ig n if ic a n t; in p a r tic u la r , th e re  was no main 
e f f e c t  of Suppression, ind icating  th a t n e ith e r  hearing  nor profoundly deaf 
su b jec ts  showed more e r ro rs  under a r tic u la to ry  suppression  than in the con tro l 
condition, foo t tapping.
11.3.2 Reaction time data
The reac tio n  time d a ta  was ca lcu la ted  on co rrec t homophony judgements only, 
following Johnston & McDermott (1986) and Richardson (1987). (Incorrect 
responses a re  no t of in te re s t  here; the question  is  whether a r tic u la to ry  
suppression  slows co rrec t homophony judgement in comparison to  the co n tro l 
condition.) Mean co rrec t reac tio n  tim es in msec, a re  shown in F igure 11.1.
As with the e r ro r  data , a two-way an a ly sis  of variance on the reac tio n  time 
da ta  revealed  no s ig n if ic a n t main e f f e c ts  or in te ra c tio n s .
( F (Hearing s ta tu s )= l .4; F (Suppress ion )=0.6; F ( in te ra c t ion )= 2.7; a l l  p>0.1.) 
This in d ica te s  th a t a r t ic u la to ry  suppression  did no t increase  reac tio n  tim es in 
co rrec t homophony judgements in deaf or hearing  su b jec ts .
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FIGURE I I J ;  ARTICULATORY SUPPRKRSION EXPERIMENT 
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11.3.3 Reading age
I t  was considered, p o s t hoc, th a t reading  age might c o rre la te  w ith su b je c ts ' 
perform ance in th is  task . Pearsons Product Moment c o rre la tio n s  between 
read ing  age and number o f e r ro rs  showed negative  c o rre la tio n s  fo r both the 
hearing  and the deaf group. (Deaf: r  = -.68  (o2 = .47); Hearing; r  = -.49  
(m2 = .24).) Thus, the h igher the ch ild 's  reading  age, the fewer e r ro rs  they 
made. This was more no tab le  in the  deaf group, fo r  whom i t  explained 47% of 
the variance.
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11.4 D iscussion
The finding o f no s ig n if ic a n t main e f f e c t  fo r a r tic u la to ry  suppression , nor any 
in te rac tio n  w ith hearing  s ta tu s ,  in term s o f e r ro rs  or reac tio n  tim es, in d ica te s  
th a t the hypo thesis  of a r tic u la to ry  coding by these deaf su b jec ts  is  no t 
supported. I t  is  un likely  th a t th e ir  homophony judgements were based on th e ir  
own a r tic u la tio n , because they performed no worse when a r t ic u la to ry  re h e a rsa l 
was suppressed than when i t  was no t. N onetheless, i t  should be pointed ou t 
th a t some of the deaf su b jec ts  expressed  su rp r ise  when in s tru c te d  to  make 
homophony judgem ents a t  the same time as counting aloud. Their a t t i tu d e  was 
th a t the two were incom patible, like being asked to look a t  som ething while 
blindfolded. Indeed, th ree  deaf su b je c ts  fa ile d  to  m aintain the a r t ic u la to ry  
suppression on a varying number of t r i a l s ,  although th is  did no t improve th e ir  
performance in re la tio n  to the rem aining a r tic u la to ry  suppression  t r i a l s .  Thus, 
d esp ite  a b e lie f  among some deaf su b jec ts  th a t a r t ic u la to ry  suppression  would 
impair th e ir  perform ance, they were no worse in th is  condition than in the 
con tro l condition.
I t  could be argued th a t th a t the suppression  r a te  (th ree  d ig i ts  per second) 
was too slow to a f fe c t  su b je c ts ' perform ance, which might have shown a 
decrement a t  a f a s te r  suppression  r a te .  However, Johnston & McDermott (1986) 
m anipulated the suppression  r a te  in th e ir  s e r ie s  o f experim ents and found no 
d if fe re n tia l  e f f e c t  with th ree  d ig i ts  per second versus rap id  counting (as f a s t  
as possib le). I t  is  th e re fo re  unlikely  th a t the r a te  of suppression  was too 
slow, p a r tic u la r ly  as th ree  d ig i ts  per second is  s u f f ic ie n t  to achieve a 
suppression  e f fe c t  in rhyme judgement experim ents on hearing  su b je c ts  (Besner 
e t  a l, 1981). Richardson (1987) used a r a te  of two d isy lla b le s  per second, 
which is  approxim ately equ ivalen t to th ree  monosyllabic d ig i ts  per second.
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Of course, evidence aga in st a r t ic u la to ry  coding does no t explain  how these 
profoundly deaf su b jec ts  did achieve s im ila r levels of performance to  the 
hearing  su b jec ts . Sharing some lev e l of phonological aw areness with the 
hearing  ch ild ren  is  a p o s s ib ili ty , bu t the cu rren t experim ent does no t address 
th is  question  d ire c tly . The a r t ic u la to ry  suppression  technique is  no longer 
considered to  be a measure o f au d ito ry  or a b s tra c t phonology bu t a more 
sp e c if ic  m easure of a r tic u la to ry  segm entation and d e le tio n  processes such as 
those involved in rhyme judgement by hearing  su b jec ts . I t  would appear th a t 
the assembly p rocesses involved in pseudohomophone judgement by p re lin g u a lly  
profoundly deaf sub jec ts  a re  no t as c losely  re la te d  to  normal segm entation 
p rocesses as  was hypothesised in th is  experim ent. Instead  of an a r tic u la to ry  
process, i t  may be th a t the deaf su b je c ts  were using th e ir  orthographic 
knowledge to ca lcu la te  the a c c e p ta b ility  of pseudohomophone sp e llin g s . This 
knowledge may be a t  the level of graphemes or accessed  by analogy with p a r ts  
of known words. For example, WREDD might be accepted as a pseudohomophone fo r 
RED because of the su b jec t 's  knowledge th a t 'WR' is  eq u iv a len t to 'R' (as in 
WRITE and WRECK), and 'DD' is  equ iv a len t to 'D' (as in REDDEN). Experiments w ith 
hearing  su b je c ts  have shown th a t such judgements can be made in the absence 
o f a r t ic u la to ry  confirm ation; the cu rren t experim ent shows th a t th is  is  a lso  
tru e  fo r some profoundly deaf su b je c ts  and leads to  the (adm ittedly p o s t hoc) 
suggestion  th a t pseudohomophone judgements may be based on orthography fo r 
these  su b jec ts .
However, th is  orthographic coding must be so p h is tic a te d , since  orthograph ica 1 ly 
re la te d  co n tro l words g en era lly  did not confuse su b je c ts . Exceptions were GOAD 
fo r COAL (7 ou t of 10 deaf su b je c ts  indicated  th a t th is  was a pseudohomophone, 
whereas no hearing  su b jec ts  made th is  e rro r)  and KEÜ fo r KEY (7 ou t of 10 
deaf su b je c ts  responded in co rrec tly , compared to  3 ou t o f 10 hearing  su b je c ts ) .
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The negative  co rre la tio n  between reading age and e r ro rs  (explaining alm ost 
h a lf  of the variance in the deaf sample) su g g es ts  th a t orthographic coding 
cannot be overlooked. This c o rre la tio n  between success in the pseudohomophone 
task  and su p e rio r read ing  s k i l ls  m irro rs the r e s u l t s  of the p ic ture-rhym e 
experim ent (Experiment 4). Although the reading  ages w ithin the c u rre n t deaf 
sample ranged from 8 to  11 y ears , the re  was a tendency fo r the b e t te r  read e rs  
in Experiment 4 to  be se le c te d  fo r th is  experim ent and the w orst re a d e rs  to be 
re je c te d  because of th e ir  poorer performance in the p icture-rhym e ta sk . The
cu rren t deaf sample th e re fo re  rep re sen ts  the high m inority  of the deaf
children  s tu d ied  in Experiment 4. Whereas o rthograph ic  p a tte rn s  were the 
downfall o f most of the o rig in a l 31 deaf su b je c ts  in Experiment 4, the more 
sk illed  read e rs  (showing a b i l i ty  to  iden tify  rhymes) appear to be ab le  to  pu t 
th e ir  o rthograph ic knowledge to good use and the b e t te r  readers amongst th is
subgroup make the few est e r ro rs  in the pseudohomophone task.
In summary, the ten p re lin g u a lly  profoundly deaf su b je c ts  in th is  experim ent 
showed no evidence of a r tic u la to ry  coding of pseudohomophone/picture p a irs ,  as 
measured by the a r tic u la to ry  suppression  technique, bu t th e ir  success in the 
task  co rre la ted  with th e ir  reading  age. As a good understanding o f English 
orthography would appear to be a fa c to r  in success a t  the p ic ture-rhym e task  
as well as  the pseudohomophone task , the f in a l experim ent to be rep o rte d  is  a 
d ire c t t e s t  of the sp e llin g  a b i l i t ie s  of the profoundly deaf su b jec ts  in 
Experiments 4 and 5. In p a r tic u la r ,  th e ir  sp e llin g  e r ro rs  w ill be examined fo r 
evidence o f aud ito ry  phonological coding and fo r a l te rn a t iv e  in fluences on 
th e ir  sp e llin g .
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Chapter 12; ORTHOGRAPHIC EVIDENCE OF DEAF LANGUAGE CODING 
Experiment 6 ; DEAF CHILDREN'S SPELLING ERRORS
12.1 O bjectives
The r e s u l t s  of Experiments 2 and 3 show th a t, in s i le n t  lip read ing  ta sk s , 
coding o f spoken rhymes and non-rhymes has a s ig n if ic a n t visem ic component, a 
fa c to r  no t taken in to  account in p revious s tu d ie s  claim ing to dem onstrate 
phonological coding by p re lin g u a lly  profoundly deaf ch ild ren . Conversely, in 
Experiment 4, p re lin g u a lly  profoundly deaf ch ild ren 's  responses to p ic tu re -  
rhyme s tim u li showed l i t t l e  evidence of visemic coding; some su b jec ts  appeared 
to  be coding the m a te ria ls  o rthograph  ica lly , while o th e rs  showed a mixed 
p a tte rn  by se le c tin g  orthograph ic, sem antic or visem ic d is tra c to rs  as o f te n  as 
they id e n tif ie d  the (orthograph ica lly  d iss im ila r) rhymes. The b e t te r  read e rs  
were immune to these d is tr a c to r s  and were o ften  ab le  to d e tec t rhyming p ic tu re  
names. F u rth e r te s tin g  of th ese  su ccess fu l 'rhym ers' w ith the a r t ic u la to ry  
suppression  technique (Experiment 5) found no evidence of a r t ic u la to ry  coding 
in a pseudohomophone task . Again, reading  age co rre la te d  w ith success a t  the 
task  (involving w ritten  non words and p ic tu res). This lends weight to  the  
hypothesis th a t o rthographic aw areness dominates deaf ch ild ren 's  coding o f non­
verbal l in g u is tic  m a te ria ls  (p r in t and p ic tu re  s tim u li) . The evidence th u s  fa r  
su g g ests  th a t visem ic coding is  r e s t r ic te d  to lip read ing  con tex ts , where i t  
accounts fo r a s ig n if ic a n t p roportion  of rhyme d e tec tio n  s k i l l ,  even amongst 
hearing su b je c ts .
The aim of the cu rren t experim ent is  to explore profoundly deaf ch ild ren 's  
understanding of English orthography and the influence of au d ito ry  phonology 
on th e ir  sp e llin g s , using the su b je c ts  and the p ic tu re  names from Experiment 4
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(the p icture-rhym e experim ent). O rthographic in fluences were s tro n g  in th a t 
experim ent, and th is  is  supported  by previous re search . Campbell & Wright 
(1988) observed in th e ir  p ic ture-rhym e experim ent th a t even ora lly - tra in e d  
deaf ch ild ren  judge rhyme by the w ritten  sp e llin g  of the  words, when these  a re  
p resen ted  in p ic tu re  form (see sec tio n  5.2.4). Campbell & Wright concluded 
th a t  th e ir  su b je c ts ' 'inner speech code' was no t s u f f ic ie n tly  s tro n g  or re l ia b le  
fo r  the task .
According to  the model o f read ing  and sp e llin g  proposed by F rith  (1980), 
hearing  children  pass through th ree  s ta g e s  of development linking sp e llin g  
a b i l i ty  to  reading a b i l i ty .  She termed the f i r s t  s ta g e  the logographic stage, 
in which words are  recognised  as wholes in read ing  and reproduced in w ritin g  
through p a tte rn  recogn ition  r a th e r  than being sp e lled  as such. In the second 
s ta g e , termed the alphabetic  stage, the child  acqu ires  knowledge of ind iv idual 
phonemes and graphemes, whereupon reading  and sp e llin g  can depend on phoneme- 
grapheme conversion o r analogy processes. In the f in a l s tag e , termed the 
orthographic stage, the ch ild  develops a more d e ta ile d  knowledge of word 
s tru c tu re ,  allowing the an a ly sis  of w ritten  words in to  orthograph ic u n its  
w ithout conversion in to  phonemes by the read e r. At th is  f in a l s ta g e , sp e llin g  
can be achieved by se le c tin g  the conventionally  c o rre c t sp e llin g  from a l l  
phonetically  p lausib le  sp e llin g s .
E llis  (1982) p o s tu la te s  a d ire c t 'le x ic a l ' ro u te  to  sp e llin g  fo r normal, f lu e n t 
sp e lle rs , whereby the ou tp u t orthography of fam ilia r  words can be derived 
d ire c tly  by f lu e n t s p e lle r s ,  w ithout phoneme-grapheme conversion. For 
unfam iliar words or nonwords, however, E llis  ag rees w ith F rith  th a t the  o rth o ­
graphic form must be assem bled from the word's component phonemes. Thus, 
E l l is 's  tw o-rou te  model m irro rs  C o lth ea rt's  (1978) tw o-rou te  model of read ing .
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Both the F r ith  (1980) and E llis  (1982) models of sp e llin g  p red ic t th a t ch ild ren  
who have passed the logographic s ta g e  w ill make mainly phonetic sp e llin g  
e r ro rs  on un fam ilia r words and th is  is  borne ou t by sp e llin g  re sea rch  (Dodd, 
1980; Ehri, 1984; P e te rs , 1985; Read, 1986; Torbe, 1978). This r a is e s  the 
question  o f what sp e llin g  p a tte rn s  one should expect from profoundly deaf
children , whose phonology is  sev ere ly  lim ited.
In a d ire c t t e s t  of o ra lly -educated  deaf ch ild ren 's  sp e llin g , Hoemann, Andrews, 
F lorian , Hoemann & Jensema (1976) found th a t 19% of sp e llin g  e r ro rs  made by 
s ix  to e ig h t year o lds were phonetic, and the proportion  decreased fo r o lder 
children. The s ix -y e a r-o ld s  were precocious sp e lle rs , bu t only nine te e n -y e a r-  
olds could s p e ll  words which norm ally-hearing th ir te e n -y e a r-o ld  ch ild ren  would 
sp e ll co rre c tly . This r e s t r i c t s  the o f te n -c ite d  claim th a t deaf ch ild ren  s p e ll 
as well as hearing  children of the same age to  the under-tw elve age group. 
Hoemann e t  a l .  suggest th a t the claim may r e s t  on the r e s u l t s  of m u ltip le - 
choice t e s t s  s tan d ard ised  on hearing  ch ild ren , in which the a l te rn a t iv e  
sp e llin g s  a re  o ften  phonetically  p lau sib le ; th is  would be le ss  of a hindrance 
to deaf ch ild ren  than to hearing  ch ild ren . (Hoemann e t  a l . 's  s tudy  used p ic tu re
stim u li r a th e r  than p rin ted  m ultip le  choice s tim u li.)
In a sp e llin g  experim ent, Dodd (1980) se lec ted  reg u la r (i.e . p h o n e tica lly - 
spelled) and ir re g u la r  (non-phone tic )  words from the Schonell S pelling  T est and 
presented  th ese  verbally  to p re lin g u a lly  profoundly deaf and hearing  14 year 
olds. While the hearing  su b jec ts  made c h a ra c te r is t ic  phonetic e r ro rs  on the 
irre g u la r  words (e.g. 'PERPAL' fo r purple) and few e rro rs  on the re g u la r  words, 
the deaf su b je c ts  performed equally  on the two types of word and made very 
few pure phonetic e r ro rs  (7% in comparison with 47% of hearing  e r ro rs ) .  In 
fac t, 65% of the deaf e rro rs  were re fu s a ls  (compared w ith 2% in the hearing
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sample). From th is , Dodd concluded th a t the deaf normally use a graphem ic code 
fo r sp e llin g , in th a t they probably learn  sp e llin g s  by ro te  ra th e r  than through 
phoneme-grapheme correspondences. Thus, any words no t already in th e ir  
lexicon were no t attem pted, su g g es tin g  p rocessing  a t  the logographic s ta g e .
A s tudy  of profoundly and sev e re ly  deaf ch ild ren 's  sp e llin g  by Pat tiso n  <1986) 
used ano ther approach by examining e r ro rs  made in an essay , ra th e r  than a 
sp e llin g  te s t .  These were divided in to  re a l  word s u b s t i tu t io n s  (e.g. 'MIND' fo r 
might) and nonwords. The deaf su b je c ts  w ith a low reading  age made fa r  more 
re a l word su b s titu t io n s  than o th e r deaf su b jec ts  or hearing  su b jec ts . In term s 
of phonetic s im ila rity  to  the ta rg e t  word, the hearing  su b jec ts  were much more 
accu ra te  than the deaf su b je c ts , who varied  according to  reading age r a th e r  
than level of deafness. (Deaf su b je c ts  w ith h igher reading  ages produced 
e r ro rs  which were phonetically  c lo se r  to  th e ir  ta rg e t  words.) Pat tiso n  
in te rp re te d  these re s u lts  as evidence of an "unsoph istica ted  or dev ian t 
phonology" (p. 149) based on re s id u a l hearing, lip read ing  and a r tic u la to ry  
feedback, although she acknowledged th a t i t  could no t be a phonological code in 
s t r i c t  (i.e . aud ito ry) term s since  i t  would not be sound-based.
The cu rren t study  in v e s tig a te s  w hether deaf ch ild ren  make the same kind of 
sp e llin g  e r ro rs  as hearing  ch ild ren . I t  is  hypothesised  th a t th is  is  un like ly  
and th a t deaf children should show use of a graphem e-based code (i.e . based on 
l e t t e r  shape). The influence o f graphemic, lip read  o r a r tic u la to ry  codes when 
deaf ch ild ren  sp e ll words from a p ic tu re  p re sen ta tio n  is  explored. P ic tu re s  
provide a n e u tra l context fo r the exam ination of deaf ch ild ren 's  coding 
mechanisms, unlike w ritten  o r spoken p re sen ta tio n s , which could influence 
su b jec ts  towards graphemic or visem ic coding, re sp ec tiv e ly .
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In the cu rren t an a ly s is , the deaf ch ild ren 's  sp e llin g s  w ill be compared with 
those of the hearing  su b je c ts  in the r e l ia b i l i ty  study  of the p ic tu re-rhym e 
experim ent. However, i t  should be noted here  th a t  these  hearing  ch ild ren  a re  
not an age-m atched co n tro l group; they a re  simply m ixed -ab ility  te n -y e a r-o ld s  
who have in c id en ta lly  w ritte n  down the same words from the same s tim u li as 
the deaf su b jec ts , and whose sp e llin g s  can th e re fo re  be o f in te re s t  in th is  
study.
A fu r th e r  question  is  w hether the good rhymers in the deaf sample a re  a lso  
good s p e lle rs , th a t is , a t  the a lphabetic  or o rthograph ic s tag e . (This would be 
expected, since they were good re a d e rs .) , If so, th is  would support the 
hypothesis th a t they were using th e ir  understanding of English orthography to  
guide them in th e ir  rhyme decisions in Experiment 4.
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12.2 S ubjects and method
12.2.1 S ub jects
The deaf su b je c ts  were the 31 p re lin g u a lly  profoundly deaf boys who 
p a r tic ip a te d  in Experiment 4, except fo r two who were no t a t  school on the day 
of te s t in g .
All 29 su b je c ts  were p re lin g u a lly  deaf w ith a mean hearing  loss in the b e t te r  
ea r o f a t  le a s t  85dB (The mean fo r  th is  sample was 103dB.)
The age range was 12 -  16, w ith a mean of 14.1, and the reading  age, as
measured by the P.A.R.T., ranged from 8 to 11, w ith a mean of 9.7.
The school, which is  a p riv a te ly  funded school fo r deaf boys, has an o ra l 
education policy. The average c la ss  s ize  is  s ix  boys.
The hearing  da ta  a re  taken from the 46 children taking p a r t  in the r e l i a b i l i ty
study of Experiment 4 (see sec tio n  10.1.2). They had a mean age o f 10.7
(range: 10.3 -  11.2). All were repo rted  to have normal hearing . The ch ild ren  
attended  a local Church of England school, in two mixed a b i l i ty  c la sses .
12.2.2 M ateria ls
The m a te ria ls  were the f i f ty  4" x 4" hand-drawn p ic tu re s  of ob jec ts  from the 
p ic ture-rhym e experim ent (see Appendix 2). They were copied in random p a irs  
on to  A4 s iz e  a c e ta te  sh ee ts  and coloured with f e l t  pens where th is  was 
e s s e n tia l  to  the in te rp re ta tio n  of the p ic tu re  (fo r example, the SHOE was 
acceptable  in black & white s in ce  the colour was ir re le v a n t, bu t the HONEY had 
to be coloured yellow to ensure id e n tif ic a tio n ). The a c e ta te  sh e e ts  were 
arranged in random order and shown to the deaf ch ild ren  in th e ir  classroom s 
with the aid  of an overhead p ro jec to r. The p ic tu re s  were p ro jec ted  on to  a 
white screen  a t  a d is tance o f 1 2 ft on average from the  su b jec ts .
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12.2.3 Procedure
The deaf su b jec ts  were a l l  te s te d  on the same day, one month a f te r  
p a r tic ip a tin g  in the p ic ture-rhym e experim ent. They were te s te d  in th e ir  
classroom s.
The su b jec ts  were given w ritten  in s tru c tio n s  as  follow s:
INSTRUCTIONS
"W rite down the name o f each p ic tu re  you see . If  you a re  not su re  of the 
sp e llin g , w rite  what looks b es t to  you. Do no t copy ano ther boy's sp e llin g ."
A ll deaf su b jec ts  saw the same sequence of p ic tu re s . They were given 
approxim ately 30 seconds to  w rite  down each p ic tu re  name.
(The hearing  su b jec ts  had seen the same p ic tu re s  bu t in th e ir  o rig in a l 
uncopied, crayonned form, displayed around the classroom  w alls. They were 
allowed to view the p ic tu re s  in any order, a t  c lose  q u a r te rs , w ith no time 
lim it. The d iffe ren ce  in viewing conditions is  no t c r i t ic a l  since the p rin c ip a l 
aim was to ob ta in  a sample of hearing  ch ild ren 's  sp e llin g  e r ro rs  fo r 
comparison.)
Any p ic tu re s  named in co rrec tly  were s t i l l  included in the da ta  and the sp e llin g  
o f the in co rrec t words was examined. This meant th a t any d iffe re n c e s  in the 
p ic tu re  viewing conditions leading to  d if fe re n t p ic tu re  naming was no t a 
hindrance to  the an a ly sis , s ince  in co rrec t p ic tu re  names could be analysed fo r 
sp e llin g  e r ro rs  as long as the intended word was obvious.
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E rro rs were broken down according to  a d iagnostic  framework based on Torbe 
(1978), P e te rs  (1979) and Dodd (1980). There is  no s in g le  co rrec t way to 
ca teg o rise  sp e llin g  e r ro rs , bu t the  ca teg o ries  used by th ese  th ree  au tho rs a re  
ou tlined  in Table 12.1 below. A d iscussion  of these  ca teg o rie s  follow s.
Table 12.1: Comparison o f d iagnostic categories o f sp e llin g  errors
Examples
Peters (1979)
Reasonable phonic a l te rn a t iv e   HERD (heard), JELES (jea lous)
Unreasonable phonic a l te rn a tiv e . . . SI AD (said), DANGRUS (dangerous)
Faulty  aud ito ry  perception
or a r t ic u la t io n .............................. GALLOPED (galloped), SCUD (sound)
Handwriting e r r o r s ..................................  BARK (dark), MININUTS (minutes)
Unclass if  iab le ............................................ GALTE (galloped)
Torbe (1978)
Phonic a l te rn a t iv e ..................................  AREPLAIN (aeroplane), SECLE (c irc le )
Prefix/suffix..............................................  COMEING, CRYED, PEACEFULL
L e tte r  o m itte d /in se r te d .......................  WIRLING, GANGED (changed), SPLEEP (sleep)
Diphthongs  ..................................... lYS (eyes), BLOING (blowing)
D ouble/single..............................................  FALING (fa llin g ), BREEZZY (breezy)
Une la ss  if  iab le ............................................ POURSHERS (parachute)
Dodd (1980)
Pure phonetic ..............................................  PERPAL (purple)
Gontext phonetic .......................................  PROMOS ION (promotion)
T ran sp o sitio n s ............................................ REGIEPT (rece ip t)
Additions & d e le tio n s ............................ VISISTED (v is ited )
R efusals
Other
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All five  o f P e te rs ' c a teg o rie s  were app rop ria te  fo r th is  ana lysis , w ith the 
exception o f handw riting e r ro rs ,  which a re  hard to  a s se s s  on s in g le  item 
sp e llin g  te s t s .  These 's l ip s  of the pen' (e.g. BARK fo r  dark) can sometimes 
only be assigned  confiden tly  in connected prose, where the word is  w ritte n  
more than once. This handw riting category  w ill no t be considered fu r th e r .
A ll th ree  au th o rs  include a t  le a s t one category  covering a ttem p ts to re p re se n t 
words phonetically . Dodd's pure phonetic category  is  equ ivalen t to  P e te rs ' 
reasonab le phonic a lte rn a tiv e  category . (The use of the word 'phonic' is  
ambiguous as th is  u sually  r e f e r s  to  a method o f teaching  beginning re a d e rs  by 
tra in in g  them to a sso c ia te  l e t t e r s  w ith th e ir  phonetic values. I t  o p e ra te s  by 
'sounding o u t' the symbols; phonetic sp e llin g  is  the opposite process: find ing  
symbols to  rep re sen t given sounds. P e te rs ' use of the term 'phonic' r e f e r s  to  
cases in which the ch ild 's  sp e llin g  can be read phonetica lly . However, Dodd's 
term 'phonetic ' is p re fe rred .)
This category  c o n s is ts  of homophones and pseudohomophones -  l e t t e r  s t r in g s  
th a t follow the ru le s  of English sp e llin g  but do no t e x is t  by convention. They 
may r e s u l t  from s t r i c t  phoneme-grapheme conversion o r from analogy w ith 
e x is tin g  words or p a r ts  of words (e.g.PERPAL derived  from person  and equal),
P e te rs ' unreasonable phonic a l te rn a t iv e  category  covers a ttem p ts a t  phonetic  
sp e llin g  when ce rta in  conventions of English have no t been understood. Thus, 
DANGRUS cannot rep resen t dangerous because the absence of an 'e ' a f te r  the  'g ' 
hardens the s o f t  /dg / sound in to  /g /  and sh o rten s  the f i r s t  vowel / e l /  in to  
/ e e / .  Dodd's contex t phonetic category  is  a more sp e c if ic  version , in which 
the w rite r  has used h ig h e r-o rd e r phoneme-grapheme ru le s  in the wrong co n tex t.
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e.g. PROMOS ION. ( 's ' before 'Ion' is  pronounced / / / ,  bu t only i f  the 's ' is  p a rt 
o f a consonant c lu s te r ,  e.g. 'pension',)
Dodd makes a se p a ra te  category  fo r tra n sp o s itio n s  (e.g. RECIEPT fo r rece ip t), 
whereas P e te rs  includes them in the unreasonable phonic a l te rn a t iv e  category. 
Torbe does n o t c la s s ify  them sp e c if ic a lly , although vowel tra n sp o s itio n s  would 
appear in h is  diphthong category . He c rea ted  th is  category  to  help  teachers  
d e te c t when th e ir  c la sse s  were in need o f rem edial help w ith sp e llin g  
diphthongs. For cu rren t purposes, i t  is  more im portant to  know if  the sp e llin g  
was phonetic to  some ex ten t, o r v isu a l. The examples Torbe g ives fo r a 
diphthong category  could a l l  be c la s s if ie d  as e i th e r  pure phonetic (e.g. BALING, 
BRITE, SIGHN, FLOTING) or weak phonetic (FLOUTING (flo a tin g ), BLOING (blowing), 
SMOK (smoke)). Dodd's example of a tran sp o s itio n  (RECIEPT) could a lso  be 
c la ss if ie d  as weak phonetic .
P e te rs ' th ird  category , fa u lty  aud ito ry  perception  or a r t ic u la t io n , is  aimed a t 
diagnosing p o ssib le  hearing  or speech d iso rd ers . Spelling based on e r ro rs  of 
lip reading  w ill f a l l  in to  th is  category , which could be ca lled  viseme e r ro rs .
For example, a ch ild  who w rite s  GALLOPED fo r galloped  may no t be ab le  to  hear 
the d iffe ren ce  between /c /  and /g / ;  when re ly ing  on lip read ing , th e re  is  no 
d iscrim inable d iffe re n ce  between th ese  two phonemes and they a re  th e re fo re  one 
viseme. This is  a p a r tic u la r ly  in te re s tin g  category when one is  comparing deaf 
and hearing  sp e llin g . In the follow ing an a ly sis , viseme e r ro rs  w ill be defined 
according to  the viseme ca teg o rie s  o u tlin ed  in sec tio n  4.3.4. Where fa u lty  
a r tic u la tio n  is  suspected , ind ividual deaf ch ild ren 's  p ronuncia tion  can be 
checked from the tape record ings made during Experiment 4. (U nfortunately , 
th e re  are  no reco rd ings of the hearing  children , as they were te s te d  as  a 
c lass .)
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Dodd's category  of add itions and d e le tio n s  covers e r ro rs  which would not g ive 
r is e  to a phonetically  p la u sib le  pronunciation (e.g.VISISTED). Torbe's l e t t e r  
o m itte d /in se rte d  category is , again , le ss  sp ec if ic  and phonetic om issions a re  
included (e.g. WIRLING). The non-phonetic d e f in itio n  is  p re fe rred , to 
d is tin g u ish  phonetic from non-phonetic e rro rs .
Torbe's d o u b le -fo r-s in g le /s In g l e - fo r-double  category  r e f le c ts  a common e r ro r  
p a tte rn  in ch ild ren 's  sp e llin g , in which double l e t t e r s  a re  s u b s ti tu te d  fo r 
s in g le  l e t t e r s  (e.g. BREEZZY) and vice versa (e.g. PALING). This shows an 
immature aw areness of the e f f e c t  double consonants have on vowels and on 
s t r e s s  p a t te rn s  in English orthography. These a re  weak phonetic e rro rs .
The p re f ix /s u f f ix  category used by Torbe in d ica tes  confusions about - ly ,  -ed , -  
fu2, - in g , d is - ,  de-  and o th e r a f f ix e s . However, s in ce  the cu rren t experim ent 
uses p ic tu re  s tim u li which a l l  re p re se n t nouns, th e re  is no need for a 
p re f ix /su f f ix  category in th is  an a ly sis .
Dodd provides a fu rth e r  category  fo r r e fu s a ls . Although th is  may be a u se fu l 
category  fo r d is tin g u ish in g  deaf from hearing sp e llin g  s tr a te g ie s ,  i t  is  
problem atic to  a sse ss  when using  p ic tu re  s tim u li, s in ce  fa ilu re  to  find a name 
fo r the p ic tu re  w ill a lso  lead to  re fu sa l. R efusals w ill th e re fo re  be excluded 
from th is  ana ly sis .
F inally , a l l  th ree  frameworks include an u n c la ss if ia b le  category  fo r s p e llin g  
e r ro rs  th a t  show no obvious p a tte rn , or p a tte rn s  th a t  a re  not re le v an t to  the  
an a ly sis .
-244—
None of the frameworks sp ec if ied  a category  fo r word su b s titu t io n s ; s in ce  
Pat tiso n  (1986) showed a high p roportion  of word s u b s titu t io n s  by deaf 
su b jec ts  with a low reading  age, th is  category  w ill be included in the 
follow ing an a ly sis  as a non-phonetic e rro r- ty p e . However, homophones w ill be 
c lassed  as pure phonetic e r ro rs  ra th e r  than word s u b s titu t io n s , s in ce  they 
show an aw areness of phoneme-grapheme correspondence ru le s , p a r tic u la r ly  if  
they a re  ra re  words. (A child  is  un likely  to  s u b s t i tu te  a ra re  word fo r  a 
common word through lex ica l confusion; the rev e rse  process is  more like ly .)
This category  w ill take precedence over o th e r fe a tu re s  o f an e r ro r  (e.g. l e t t e r  
omission, visem ic fe a tu re s ) .
In summary, the sp e llin g  e r ro r  ca teg o rie s  most re le v an t to the purposes of the 
conten t an a ly sis  in the cu rren t experim ent are:
1. pure phonetic (reasonable)
2. weak phonetic (unreasonable)
3. doub le /s ing le  (phonetic)
4. visem ic (from lip read ing)
5. add i t  ions /de le t  ions (non-phonetic)
6. word s u b s t itu t io n s  (non-phonetic)
7. u n c la ss if ie d .
Phonological coding would be im plicated by e r ro rs  in the f i r s t  th ree  
ca teg o rie s ; visemic coding (or a r tic u la to ry  coding) by e r ro rs  in the fo u rth  
category; and graphemic coding by e r ro rs  in the f i f th  and s ix th  c a te g o rie s . 
These ca teg o ries  a re  no t exhaustive; o th e rs  may be added if  d if f e re n t  p a t te rn s  
o f e r ro r  emerge from the an a ly sis .
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12.3 A nalysis
The deaf sample as a whole made an average of 4.3 sp e llin g  e r ro rs  on the f i f t y  
p ic tu re s , compared to  3.1 e r ro rs  in the  (younger) hearing  sample on the same 
p ic tu re s . The d is tr ib u tio n  of e r ro r  sco res in the hearing  sample was 
p o s itiv e ly  skewed (over 80% of the sample made th ree  o r fewer e r ro rs )  and th is  
d is tr ib u tio n  was s ig n if ic a n tly  d if f e re n t  from the deaf sample d is tr ib u tio n , in 
which 45% made between 4 and 12 e r ro rs  (Kolmogorov-Smirnov D„, .„=.25, p<0.05,
2 - ta iled ).
A q u a lita t iv e  e r ro r  an a ly sis  was based on the following d iag n o stic  framework :
1. pure phonetic
2. weak phonetic
3. double /s ingle
4. viseme
5. ad d itio n s /d e le tio n s
6. word s u b s t itu t io n s
7. u n c la ss ified .
(including homophones); 
(including tran sp o s itio n s); 
(phonetic);
(from lipreading);
(non- phone tic ); 
(non-phonetic);
P a r tic u la r  p a tte rn s  of e r ro rs  in the da ta  gave r is e  to  the following ad d itio n a l 
ca teg o rie s  :
8. redundant f in a l 'e*
9. redundant f in a l 's '
10. anagram
11. wrong vowel
12. wrong consonant
13. consonant fo r vowel
(phonetic, e.g. TRAINE)
(on s in g u la r  words, e.g. HONEYS) 
(non-phonetic, e.g. HERAT fo r heart) 
(non-phonetic, e.g. PALLOW fo r pillow ) 
(non-phonetic, e.g. SPOOM fo r spoon) 
(non-phonetic, e.g. BENRD fo r beard)
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Two judges (the experim enter and a lin g u is t)  a ssessed  the sp e llin g  e r ro rs  
according to  the ca teg o rie s  o u tlined  above. I n i t ia l  in te r- ju d g e  agreem ent was 
89%, b u t the m ajority  of d isagreem ents were reso lved  by d iscussion . Where the 
judges could no t agree , e r ro rs  were designated  u n c la ss ifie d . To f a c i l i t a te  
agreem ent, the judges app lied  a h ie ra rchy  to  the c a te g o rie s  as fo llow s:-
I
word s u b s titu t io n
II
pure or weak phonetic, doub le /sing le , redundant 'e ' or 's '
III 
viseme
IV
anagram, add i t  ion/de le t  ion, 
wrong vowel o r consonant, consonant fo r vowel
V
u n class ified
Word s u b s t i tu t io n  was considered to take precedence over a l l  o th e r c a te g o rie s  
because of P a ttiso n 's  (1986) evidence th a t th is  type of e r ro r  is  common in deaf 
ch ild ren 's  sp e llin g  and because th is  c la s s if ic a t io n  is  more inform ative than, 
fo r example, 'wrong vowel'. Thus, the e rro r  BALL fo r b e ll contains the wrong 
vowel bu t i t  is  a lso  a word su b s titu t io n , which su g g e s ts  a lex ical ro u te  r a th e r  
than phoneme-to-grapheme conversion.
Evidence o f phonetic e r ro rs  was favoured over viseme evidence in o rd e r to  
minimise d is to r t io n  from experim enter b ias, bu t the  viseme category  was 
p re fe rre d  to the rem aining non-phonetic ca teg o rie s  if  i t  gave more exp lanato ry  
power. Thus, the e r ro r  TRUNCK fo r truck  was c la s s if ie d  as a viseme e r ro r  
ra th e r  than an add ition  because of the /k,g,q/ viseme, wherease TRUNK was 
c la s s if ie d  as a word s u b s t i tu t io n  in p reference to  the viseme or wrong 
consonant ca teg o ries .
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Table 12.2 shows the percentage of e r ro r s  in each of the ca teg o rie s  fo r the 
deaf su b jec ts  compared to  sp e llin g  e r ro rs  of hearing  ch ildren  a t  a roughly 
comparable read ing  age. The ta b le  shows th a t the most frequen t e r ro rs  in the 
deaf sample were word s u b s t i tu t io n s ,  such as NICE fo r n ine  (accounting fo r 
over o n e -q u a rte r  of a l l  deaf sp e llin g  e r ro rs ) . The la rg e s t category  of e r ro r s  
by hearing  ch ild ren  (39%) were pure phonetic a ttem p ts  e.g. HART fo r heart.
Only 3% of sp e llin g  e r ro rs  by deaf ch ild ren  f e l l  in to  th is  category .
In the tab le , the  d iagnostic  ca teg o rie s  have been divided into th re e  groups:
A. Phonetic e r ro rs  (ca teg o rie s  1,2,3,8);
B. Viseme e r ro rs  (category 4.);
C. Graphemic e r ro rs  (ca teg o ries  5,6,9,10,11,12,13)
(category 7 -  U nclassified  -  f a l ls  o u ts id e  these groups).
F igures 12.1 and 12.2 i l lu s t r a t e  the p roportion  of sp e llin g  e r ro rs  in each of 
th ese  genera l e r ro r  groups fo r the deaf and hearing  samples, re sp ec tiv e ly . 
Almost 73% of the hearing  ch ild ren 's  e r ro r s  f e l l  into the phonetic group 
(Group A), compared to le ss  than 11% of e r ro rs  by the deaf su b jec ts . I t  is  
ev ident th a t graphemic e r ro rs  (group C) a re  not c h a ra c te r is t ic  o f hearing  ten - 
y ea r-o ld s, whereas over 70% of the deaf s u b je c ts ' e r ro rs  could be c la s s if ie d  as 
graphemic. Viseme e r ro rs  accounted fo r 7% of sp e llin g  e r ro rs  in the  deaf 
sample but le ss  than 1% (a s in g le  e rro r : TRUNCK fo r truck) in the hearing  
sample.
Individual sp e llin g  e r ro rs  and the c a te g o rie s  assigned  a re  shown in Appendix 4. 
The rem ainder of the an a ly sis  was conducted on the deaf su b jec ts  only.
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Table 12.1: Comparison o f d eaf and hearing  sp e llin g  e r ro r  types
% of e r r o rs  I Examples $
TOTAL NO. ERRORS 124
MEAN NO. ERRORS 4.3
144
3.1
C la ss if ic a tio n
Deaf
(n=29)
1
Hearing 1
(n=46) 1 
....................... 1
Deaf Hearing
A. Phonetic e r ro rs
Pure phonetic 3.2
I
1
38.9 1 
1
(bowl) BOAL
Weak phonetic 4.8
1
23.6 1 
1
(gate) GAT
D ouble/single 2.4 6.9 1 (honey) HONNEY
Redundant 'e ' 0 3.5 I 
.......................  1
(spoon) SPOONE
B. Viseme e r ro rs
V iseme 7.3 0.7 1 
....................... 1
PINOW (pillow)
C. Graphemic e r ro rs
Word s u b s t i tu t io n 25,8
1
1
7.6 1 
1
NICE (n ine)
Anagram 12.9
1
3.5 1
j
DANGOR (dragon)
Redundant ‘s ' 10.5 0 1 
1
HONEYS (honey)
Add i t  ion/de le t  ion 8.9
1
4.9 1 BEAR (beard)
Wrong consonant 8.9
1
5.6 1 
1
ZARROW (barrow)
Wrong vowel 1.6
1
0.7 1 PALLOW (pillow)
Consonant fo r vowel 1.6 0.7 1 
....................... 1
BENRD (beard)
U nclassified 12.1
1
3.5 1 SONER (shoe)
100% 100%
* Examples in each ca tegory  
are taken from the sample 
w ith the h ig h e s t proportion  
o f  th a t type o f  error.
MEAN AGE (yrs.) 14.2 10.75
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Table 12.3 shows a l l  the phonetic e r ro rs  made by the deaf sample.
Table 12.3: Breakdown o f Group A (Phonetic) e r ro rs  made by deaf su b je c ts
P ic tu re Pure phonetic weak phonetic Double/sing le
c a rro t CARRAT, GARRET
dragon DRAGEN ( X 3 )
horse MORES
music MUSEC
tra in TRIAN
b e ll BEEL
maze MAZZE
cheese i CHESSE
carriag e  % CARRIDGE ( X 2 )
iname given fo r g ra te r  
2name given fo r cart
The deaf su b je c ts  produced no redundant f in a l ’e ' e r ro rs  (e.g. SPOONE), which 
would be phonetic e r ro rs , but they did occasionally  w rite  a redundant f in a l 's ' 
(e.g. HONEYS), c la s s if ie d  as a graphemic e rro r . There were 13 examples of th is , 
but four (BEES, SAWS, COALS, HONEYS) came from one su b jec t and the same four 
from ano ther boy in h is  c la ss , which could ind icate  th a t one boy had copied h is  
neighbour. However, four o the r su b jec ts  in d if fe re n t c la sse s  added an 's ' to 
s in g u la r words (TRAINS, DOGS, BOOTS, AMOURS (armour)).
There were n ine e r ro rs  c la ss if ie d  as visem e-based. ou tlined  in Table 12.4. 
E rro rs in the  wrong vowel category  of Group C may a c tu a lly  be viseme e r ro rs  
since vowels cannot be d is tin g u ish ed  e a s ily  by lip read ers . However, th e re  were 
only two such e r ro rs  which were no t a lso  word s u b s t itu t io n s : WHATE (white), 
PALLOW (pillow ). The h ierarchy  of e r ro r  ca teg o rie s  imposed in th is  an a ly sis  
r e s u l ts  in the viseme category e rr in g  on the s ide  of caution .
The rem aining e r ro rs  to  be described  a re  a l l  w ithin the graphem ic group.
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Table 12.4: E rro rs  c la s s if ie d  a s  visem e-based (Group B>
P ic tu re sp e llin g viseme group
c a rro t CARRON /t ,d ,n ,l /
crab CRAP /p,b,m/
dragon DRANGON /k,g,n/
g ra te r KRITE /k,g,t)/ /e l ,a l , l ,c ,e e /
honey HOOLY /t ,d ,n ,l /
pillow PINOW, /t ,d ,n ,l /
BLENO /p,b,m/ / t ,d ,n ,l /
knob 1 KNOP /p,b,m/
wasp 2 WORSM /p,b,m/
iname given fo r  handle 
2name given fo r bee
I t  is  no tab le  th a t, besides the viseme influence on these  sp e llin g s , th e re  is  a 
graphemic elem ent, mainly in including co rrec t l e t t e r s  in the wrong p o s itio n  
phonetically , e.g. the '1' in BLENO. Sim ilarly , the frequen t use of 'b' fo r ‘p* 
and vice versa  is  ambiguous, s in ce  i t  could ind ica te  e i th e r  viseme s u b s t i tu t io n  
or l e t t e r  re v e rsa l. Yet, if  th is  e r ro r  were e s s e n tia l ly  graphemic, one would 
expect to find o the r, non-visem ic re v e rsa ls , such as 'b /d ' equally  o ften . Since 
CRAD fo r crab is  the only example of th is  type, occurring  ju s t  once, i t  would 
appear more like ly  th a t the m ajority  of these re v e rs a ls  were indeed visem ic.
The tendency to  s u b s t i tu te  re a l  words was s tro n g  amongst the deaf su b je c ts , 
with 26% of the e r ro rs  being su b s titu t io n s . Table 12.5 shows the e r ro rs  made 
in th is  category . Again, many o f the e rro rs  show p o ssib le  lip read  confusion 
(BOAT fo r boot, GOAL fo r coal, GRAB fo r crab^ OWN fo r owl, BOWLER fo r p illow , 
TRUNK fo r truck), bu t the p re sen t ana ly sis  p laces word su b s titu t io n  e r ro r s  more 
prom inently in the h ierarchy . The overlap between d if fe re n t  ca teg o rie s  should 
be noted, showing th a t they a re  no t m utually exclusive  (although no e r ro r  
appears in more than one category  here).
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Table 12.5: E rro rs  c la s s if ie d  a s  word s u b s t i tu t io n
P ic tu re su b s titu t io n P ic tu re s u b s t i tu t io n
beard BEAR ( X 5 ) horse HOUSE
b e ll BALL moon MOOR
boot BOAT nine NICE
bowl BLOW owl OWN ( X 2 )
c a r t CARRIED, CAST pillow BOWLER
coal GOAL shoe SHONE
crab GRAB ( X 2 ) shop SHOPPING
crane CRIME truck TRUNK
g ra te r GRAZE ( X 4 ), face 1 FACT
CAT sing  2 SIGN
handle HAND DOOR tra c to r  3 TRUCKING
iname given fo r head 
2name given fo r n o te
3name given fo r crane
The second la rg e s t e r ro r  category was anagram s. The 18 anagram e r ro rs  were 
examined to see i f  they were more p rev a len t fo r ir re g u la r  words than re g u la r  
words. Since ir re g u la r  words cannot be learned phonetically , they give r i s e  to 
more e rro rs  amongst hearing ch ild ren , whose sp e llin g  is phonetic (Dodd, 1980). 
If  deaf ch ild ren 's  sp e llin g  is  based on v isu a l memory (i.e. graphemic), they can 
be expected to make more anagram e r ro rs  than hearing  children  (which has been 
shown in Table 12.2) and as many e r ro rs  on phonetica lly  re g u la r  words as on 
ir re g u la r  words. Table 12.6 shows th a t the sample made the same number of 
anagram e r ro rs  w ith reg u la r words as w ith ir re g u la r  words.
Table 12.6: Anagram e r ro rs  o f re g u la r  and ir re g u la r  words
Regular Irre g u la r
cheese CHESEE ( X 2 ) e ig h t EIGTH ( X 2 )
beard BERAD h e a rt HREAT ( X 2 )
dragon DANGOR knight KINGHT
combine i COMINBE c irc le  ♦ CRICLE
pram 2 FARM so ld ie r  3 SOILDER,
g ro cers  % GRECORS, GORCER SOLIDER
iname given for crane 3name given fo r shop  3name given fo r kn igh t
2 name given for ca rt ♦name given fo r w hite
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The 11 cases  in which the wrong consonant was used to  g ive  a non-phonetic 
sp e llin g  which did not re p re se n t a word s u b s titu t io n  o r viseme a lso  h ig h lig h t 
the dominance o f graphemic sp e llin g  p a tte rn s . A predominance o f 'z 's  g ives an 
Impress ion of a genuinely non-phonemic choice of graphemes. For example, two 
su b jec ts  w rote ZARROW fo r barrow  and one wrote GRAZER fo r  g ra te r  (in ad d itio n  
to  the fou r su b jec ts  s u b s t i tu t in g  GRAZE fo r grater).
The o th e r examples were; CRAD (crab), SPOOM (spoon)( x 2 ), TRACHOR ( tra c to r), 
STRAPER (scraper), DRADON (dragon), HANDER (handle), TAIN (crane).
The p o s s ib il i ty  th a t STRAPER, DRADON and TAIN re f le c te d  the re sp ec tiv e  
su b je c ts ' a r t ic u la t io n  of g ra te r , dragon and crane was examined in an an a ly sis  
of the audio record ings made o f each su b jec t 's  pronuncia tion  of the p ic tu re  
words. The su b jec t who w rote STRAPER was a t f i r s t  unsure of i t s  name, but 
then named i t  "g ra ter"  with measured enunciation. He may have fo rg o tten  the 
word by the time of the sp e llin g  te s t  and i t  is p o ssib le , given th a t he made 
no o th e r sp e llin g  m istakes, th a t he was w riting  the  word as b e s t he could 
remember i t ;  th is  could r e f le c t  e i th e r  an a r tic u la to ry  o r o rthograph ic s tra te g y . 
The su b jec t who wrote DRADON had com pletely u n in te ll ig ib le  speech and 
a r tic u la te d  th is  word as a s in g le  sy lla b le ; th e re fo re  an a r t ic u la to ry  
explanation  was ru led  out. The ch ild  who wrote TAIN had in i t ia l ly  misnamed 
the p ic tu re  of a crane " tra in "  w ith c le a r  enunciation; thus, a r tic u la to ry  
p rocesses were not im plicated. (Since the ta rg e t word in th is  case was train, 
th is  e r ro r  would more accu ra te ly  belong in the d e le tio n  category , which is  
graphemic, like the wrong consonant category.) No o th e r e r ro rs  ra ise d  
questions of a r tic u la to ry  p rocesses.
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There were two examples of vowels rep laced  by consonants:
BLUB (blue) and BENRD (beard).
There were five  add itio n s  and fiv e  d e le tio n s . These a re  ou tlined  in Table
12.7. CABE was c la s s if ie d  as both an add ition  and a dele tion .
Table 12.7: Additions and deletions
Additions ' D eletions
beard BEARING horse HOARE
c a r t CARTER tra c to r  2 TACTOR , TACTER
chair CHRAIR scrap er 3 SCRPER ( X 2 )
g ra te r GRAZTER
yacht 1 YATCHT crab CABE
iname given fo r boat 2name given fo r  crane 
3name given fo r g ra te r
The following e rro rs  were u n c lass ified :
WELLBALL( wheelbarrow), EGITE (eight), HEAY (honey), BLEER (beard), BEE— (beard), 
BREND (bear-d), BLOLEM, POWELL (pillow), SHALLMEN (so ld ier), GAZERD, TRAN 
(g ra te r), SCARMDE (scraper), SONER (shoe), TEAP (crab), TRANELEG (dragon).
Table 12.8 l i s t s  p ic tu re  names producing no sp e llin g  e r ro rs . I t  is  no tab le  
th a t a l l  of these  words a re  o f th ree  or four l e t t e r s  only.
Table 12.8: Error-free picture names
Regular Irre g u la r
bed head
boat door
sea bear
g a te saw
pool foot
bee key
note two
pen
pie
255-
The to ta l  number of sp e llin g  e r ro rs  made by su b jec ts  c o rre la te d  very highly 
with th e ir  read ing  age (Spearman's r^= .76). That is , the b e t te r  read e rs  made 
s ig n if ic a n tly  fewer sp e llin g  e r ro rs  (p<0.001).
In a breakdown of su b jec ts  according to  coding type (the Rhyme group, the 
O rthographic group and the Mixed group) derived from the p icture-rhym e 
experim ent, the Rhyme group made a mean o f 3.0 sp e llin g  e r ro rs  (S.D. 3.6), the 
O rthographic group 3.0 e r ro rs  (S.D. 1.4) and the Mixed group 6.1 e r ro rs  
(S.D. 4.2). The Rhyme group mean was d is to r te d  by one su b je c t 's  high e r ro r  
ra te  (the group median was 1.5), so a median te s t  was used to  compare the 
groups. I t  was p red ic ted  th a t the Rhyme group would make few sp e llin g  e r ro rs  
(showing a s tro n g  awareness of English orthography) and th a t the O rthographic 
group would a lso  make few e r ro rs  (ind icating  th a t they based th e ir  (erroneous) 
rhyme judgem ents on co rrec t sp e llin g s  of the p ic tu re  names). The Mixed group 
were expected to make the most e r ro rs ,  ind icating  weak o rthograph ic knowledge. 
Because the p red ic tio n s  fo r the Rhyme and O rthographic groups was the same, i t  
was considered reasonable to combine these groups in the Median te s t .  (The 
O rthographic group was too sm all to  be te s te d  sep a ra te ly , as the expected 
frequencies were le ss  than 5.) The d iffe re n ce  between the groups was 
s ig n if ic a n t in a o n e -ta ile d  te s t  (%%= 3.3, d f= l, p<0.05). T herefore , coding type 
was re la te d  to  success a t  sp e llin g  p ic tu re  names; su b jec ts  who were more 
su ccessfu l a t  rhyme judgement and su b jec ts  who re lie d  m ostly on o rthograph ic  
fe a tu re s  to  a ttem p t rhyme judgement were s ig n if ic a n tly  b e t te r  a t  sp e llin g  the 
p ic tu re  names (medians; 1.5 and 3 sp e llin g  e rro rs )  than su b je c ts  who showed 
n e ith e r  p a tte rn  in the p icture-rhym e experim ent (median: 5 sp e llin g  e r ro rs ) .
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1 2 . 4  D i s c u s s i o n
There was a dram atic c o n tra s t  between the type o f e r ro rs  hearing ch ild ren  made 
and the type deaf ch ild ren  made, notably  the high proportion  of phonetic e r ro rs  
in the hearing  sample and the low proportion in the deaf sample. Phonological 
coding (in the narrow est sense) im plies a re lian ce  on the sound o f words in 
o rder to  deduce th e ir  sp e llin g . We know th a t hearing  children sound ou t a 
word in o rder to  produce an accep tab le  (i.e . phonetic) sp e llin g , bu t the deaf 
ch ild ren  in th is  study  did no t show much evidence of th is  process. Pure 
phonetic sp e llin g s  accounted fo r alm ost 40% of hearing  sp e llin g  e r ro rs  (e.g. 
HART (n=10) fo r beart\ HANDEL (n=7) fo r handle; CRAIN (n=4) fo r crane), Only 4% 
of e r ro rs  in the deaf sample f e l l  into th is  category; 10.5% of th e ir  e r ro rs  
were c la ss if ie d  as phonetic (pure or weak), compared to 73% of hearing  e r ro rs  
(see F igures 12.1 and 12.2). Thus, deaf ch ild ren  do no t sp e ll phonetica lly  (by 
speech sounds) as a ru le .
In c o n tra s t, graphemic e r ro rs  accounted fo r 70% of e r ro rs  in the deaf sample, 
compared to 23% in the hearing  sample. More notab ly , ex tra  c a teg o rie s  had to  
be crea ted  to accommodate the types of graphemic e r ro rs  the deaf ch ild ren  
made, such as anagrams (e.g. DANGOR for dragon; GRECORS fo r grocers) and the 
use o f consonants w ith no phonetic re la tio n sh ip  to  the  co rrec t one (e.g. ZARROW 
fo r barrow). Deletion o f phonemes (e.g. SCRPER fo r scraper) and the ad d itio n  of 
superfluous phonemes (e.g. CHRAIR fo r chair) were no tab le , but th e re  was a 
p a r tic u la r  tendency to  append 's ' to  s in g u la r words (e.g. HONEYS) which 
accounted fo r 10.5% of deaf sp e llin g  e r ro rs  bu t did no t occur a t  a l l  in the 
hearing  sample. This e r ro r  could be a deaf co ro lla ry  of the hearing  ch ild ren 's  
occasional tendency to add a redundant 'e ' to  words (usually  p reserv ing  the 
phonetic rep re sen ta tio n ). Such redundant 'e 's , being s i le n t ,  cannot be c o rre c tly
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id e n tif ied  by a phonemic an a ly sis , bu t only by v isu a l memory (i.e . exam ination 
of the lexicon). Having ab s tra c te d  the knowledge th a t some words end in a 
s i le n t  'e ‘, hearing  children may then add an 'e ' to  un fam iliar words through 
informed guesswork. The deaf ch ild ren  in th is  study  never added a redundant 
s i le n t  'e ‘ to  word endings, su g g estin g  th a t they had not a b s tra c te d  th is  
concept from th e ir  lex ical re p e r to ire . I t  would appear th a t the 's ' 
rep resen tin g  the p lu ra l was more s a l ie n t  to them, w ithout the corresponding 
awareness o f i t s  gram m atical function . The reason  fo r th is  use of a redundant 
's ' might l ie  in the fa c t th a t, to  a lip read er, / s /  is  one o f the harder 
phonemes to  perce ive, so th a t /c æ t/ is  hard to d is tin g u ish  from /c æ ts /, fo r 
example. Thus, th e re  may be a visem ic element in the coding of unfam iliar 
sp e llin g s . However, th is  cannot be the complete explanation , since one would 
then expect deaf sp e llin g s  to  con tain  many redundant re p re se n ta tio n s  of /k / 
and /g /  (the le a s t  v is ib le  phonemes), which was not ev ident in the cu rren t 
study. T herefore , the frequency o f words ending in 's ' in w ritten  English must 
be a major influence on th is  p a r t ic u la r  e rro r  p a tte rn . For th is  reason, i t  was 
c la s s if ie d  as  a graphemic e r ro r  ra th e r  than a visemic e r ro r . I t would appear 
th a t these  profoundly deaf ch ild ren  have not learned to a sso c ia te  the l e t t e r  
's ' w ith the p lu ra l form of a word and a re  th e re fo re  unsure of when to  append 
i t  to a word.
Word s u b s t i tu t io n s  formed the la rg e s t s in g le  category  in the deaf sample 
(c o n s titu tin g  over one q u arte r of the  sp e llin g  e rro rs ) . This is  in line  w ith 
Pat tiso n  (1986) and sugg ests  a lack of p rogression  from F r ith 's  logographic 
s tag e  to  h e r a lphabetic  s tag e  of sp e llin g  (F rith , 1980). At the logographic 
s tag e , a ch ild  has a lexicon of words which can be w ritte n  bu t very l i t t l e  
a b ili ty  to  segm ent unfam iliar words in order to produce an o rthograph ic
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rep re sen ta tio n . Thus, the ch ild  r e l i e s  on words already  in the lexicon as an 
approxim ation to  novel words.
Visemic coding appeared to be in evidence in only a m inority  of the sp e llin g  
e r ro rs  made by the deaf sample (7%). For example, some deaf su b je c ts  confused 
'1' w ith 'n ' in pillow , presumably because / I /  and /n /  appear the same on the 
lip s  to  a lip read er. I t  is  as  i f  they had lipread the  word, even though the 
word was no t p resen ted  verb a lly  bu t in the form o f a p ic tu re  o f an ob ject (e.g. 
a pillow ). I t  should be noted th a t the proportion o f visem e-based e r ro rs  would 
increase  if  word s u b s t itu t io n s  such as GOAL for coal were included
A rticu la to ry  coding would p red ic t d if fe re n t types of e r ro r , based on the speech 
of deaf ch ild ren . The sp e llin g s  TAIN for crane and DRADON fo r dragon were 
thought to  r e f le c t  th is , as /k / and /g /  are  o ften  mispronounced by deaf 
ch ildren , but in fac t a r t ic u la t io n  was not re la te d  to sp e llin g  in these 
in stances. On the o ther hand, the fa c t th a t door and saw  were spe lled  
co rrec tly  by a l l  su b jec ts  in d ica te s  th a t the explanation fo r the success of the 
e n tire  deaf sample a t  id e n tify in g  th is  rhyming p a ir  does appear to  be in th e ir  
m ispronunciation of saw. However, a r tic u la to ry  coding cannot explain  o th e r 
sp e llin g  e r ro rs  in the 'wrong consonant' category, notab ly  the frequen t use of 
'z '. N either the a r tic u la to ry  suppression  experiment nor the c u rren t study  
suppo rts  the a r tic u la to ry  coding hypothesis.
The low level of visem e-based sp e llin g  e r ro rs  is n o t e n t ire ly  su rp r is in g , g iven 
th a t visem ic coding was not dem onstrated in the p ic tu re-rhym e experim ent, 
which used the same p ic tu re  s tim u li and the same su b je c ts . (In th a t rhyme 
judgement task , su b jec ts  tended to  s e le c t BEARD as a c o rre c t rhyme fo r BEAR; 
they did not ind icate  th a t i t  would be the o rthographica 1 ly d is s im ila r  CHAIR or
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the lip read  match PIE.) The explanation fo r th is  p a tte rn  may be th a t, in the 
p icture-rhym e experim ent, many su b jec ts  did no t use assembled phonology (as 
they should fo r co rre c t rhyme judgement) bu t only addressed th e ir  lexicon fo r 
graphemic s im ila r i ty  between stem and ta rg e t  p ic tu re  names. Some appeared 
only to look fo r w o rd -in it ia l s im ila r i t ie s  and many did no t even e s ta b lish  th is  
s tra te g y , whereas only eleven had the so p h is tic a te d  aw areness of English 
orthography to  inspect the word endings in th e ir  lexicon. In the c u rren t task , 
words not a lready  in the lexicon had to  be segmented (from an aud ito ry  
rep re se n ta tio n  fo r hearing  children) and the sp e llin g  assembled from these  
segm ents. The evidence o f the sp e llin g  e r ro rs  in th is  study  su g g es ts  th a t 
deaf su b jec ts  o fte n  fa ile d  to segment a t  a l l ,  again  re ly ing  on th e ir  e x is tin g  
lexicon fo r the production of unfam iliar sp e llin g s . For example, beard was 
o ften  spe lled  BEAR, making i t  id en tica l to  the orthograph ic choice in the 
p icture-rhym e experim ent.
The higher proportion  of u n c lass ified  e r ro rs  in the deaf group r e f le c ts  the 
unusual p a tte rn  of th e ir  w orst e rro rs . For example, SHALLMEN fo r so ld ie r  shows 
a te n ta tiv e  guess a t  a word, not based on i t s  sound or even a viseme-grapheme 
an a ly sis .
The breakdown o f deaf su b jec ts  according to  th e ir  response p a tte rn  in the 
p icture-rhym e experim ent confirmed th a t fewer sp e llin g  e r ro rs  were made in the 
Rhyme and O rthographic groups than in the Mixed group. Since read ing  age 
co rre la ted  p o s itiv e ly  w ith rhyme judgement and neg a tiv e ly  with number of 
sp e llin g  e r ro rs , knowledge of English orthography would indeed appear to 
account fo r the success of some profoundly deaf ind iv iduals a t  p ic tu re-rhym e 
judgement.
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Chapter 13: GENERAL DISCUSSION AND CONCLUSIONS
The individual experim ents described  in th is  th e s is  have been d iscussed  in 
d e ta i l  in ch ap te rs  7 to 12. In th is  f in a l chapter, a gen era l overview o f the 
findings w ill be p resented  and considered  in the lig h t of the hypotheses 
generated  in the  in troductory  ch ap te rs .
Experiments 1, 2 and 3 showed mounting evidence of visem ic coding in a lip read  
rhyme judgement task , fo r both deaf and hearing  ch ild ren  a like , in c o n tra s t to  
Dodd & Herm elin's (1977) assum ption of phono logical coding. Experiments 4, 5 
and 6, on the  o th e r hand, fa ile d  to  rev ea l any no tab le  influence o f visem ic o r 
a r tic u la to ry  coding in phonological judgements or sp e llin g  e r ro rs  from p ic tu re  
s tim u li. T herefore the genera l conclusion is  drawn th a t visem ic coding is  a 
s tra te g y  used in ce rta in  lip read ing  con tex ts  ra th e r  than the b as is  fo r a l l  
lin g u is tic  p rocessing  by profoundly deaf ch ildren . There is  only weak evidence 
in these s tu d ie s  th a t some profoundly deaf children code lin g u is tic  s tim u li 
phono log ica lly , and th is  can be ru led  ou t fo r the m ajority  of profoundly deaf 
children te s te d , whose understanding of the rhyme concept o ften  depended on 
the experim ental context.
There follow s a more d e ta iled  assessm ent of the experim ents in th is  th e s is ,  
with recommendations fo r fu tu re  re sea rch  in th is  f ie ld , before f in a l 
conclusions a re  drawn.
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13.1 Lipreading experim ents
The lip read ing  experim ents described  in chap ters  7, 8 and 9 shed new lig h t on 
p re lin g u a lly  profoundly deaf ch ild ren 's  a b i l i ty  to make rhyme judgem ents from 
lip read  inputs. Experiment 1 was a re p lic a tio n  of Dodd & Hermelin's (1977) 
lip read ing  experim ent, confirm ing th a t p re lin g u a lly  deaf ch ildren  tend to 
perform  s ig n if ic a n tly  above chance level when judging rhyming and non-rhyming 
nonword p a irs . The o r ig in a l find ing  has been taken a t  face value by some 
re se a rc h e rs  as evidence th a t,  i f  profoundly deaf ch ild ren  can make phonological 
judgem ents, then phonological coding must be a b s tra c t  and non -m odality -spec ific  
(e.g. Dodd, 1987). However, success in th is  task  does no t n ecessa rily  in d ica te  
th a t  deaf su b jec ts  -  or even hearing  su b jec ts  -  code the non word s tim u li a t  
the level of phonemes (speech sounds), given the lip read  s im ila r ity  o f many 
rhym es.
C erta in ly , the younger deaf s u b je c ts ' d i f f ic u l t ie s  w ith the concept of rhyme 
during  the prelim inary s ta g e  of Experiment 1 ind icated  th a t they did no t 
norm ally engage in word games based on speech sounds but were r a th e r  inclined  
towards games based on the o rthograph ic or sem antic re la tio n  between words. 
Experim ental support fo r th is  observation  can be found in Saqi's (1984) word- 
type p reference experim ent, in which profoundly deaf ch ildren  p re fe rred  
sem antic and orthographic matches to homophones o r rhymes (see Section 10.2).
A bstrac t phonological coding by p re lin g u a lly  profoundly deaf ch ild ren  is  
un likely , given th a t th is  re q u ire s  ab s trac tio n  from sp e c if ic  instances and deaf 
ch ild ren  have experience o f few if  any sp e c if ic  in s tan ces  of speech sounds. 
Profoundly deaf su b je c ts ' success in various phonological tasks (see C hapter 5) 
has led to a s tre tc h in g  of the o rig in a l d e f in itio n  of phonological coding to
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include a r t ic u la to ry  processing. This has only served to obscure the top ic  of 
in v estig a tio n ; evidence fo r a r tic u la to ry  coding should be tre a te d  as  such and 
not assumed to  be somehow equivalen t, to  evidence fo r coding based on the 
aud ito ry  m odality. I t  is  tru e  th a t au d ito ry  and a r tic u la to ry  inform ation a re  
in terlinked  fo r  hearing  ind iv iduals, bu t in cases where one source of 
inform ation is  se rio u s ly  impaired, we must ask what o th e r sources o f 
inform ation might be co n trib u tin g  to success in a p u ta tiv e ly  phonological task .
The p o s s ib il i ty  th a t su b jec ts  make v isu a l (pattern-m atching) judgem ents when 
lipreading  fo r rhyme was borne ou t in Experiments 2 and 3, which attem pted  to 
con tro l fo r the  visem ic s im ila r i ty  of rhyming word p a irs . The CV word p a irs  
used as s tim u li in Experiment 2 were m anipulated according to the in i t ia l  
consonant of rhyming p a irs  (i.e. taken from d if fe re n t viseme groups) o r the 
vowel of non-rhyming p a irs  (d iffe re n t vowels w ithin the same viseme group). 
This m anipulation led to a s ig n if ic a n t in te rac tio n  between the rhyme and 
viseme fa c to rs , ind icating  th a t c o rre c t rhyme judgements were dependent to 
some ex ten t on the lip read  s im ila r ity  of the word p a irs , as hypothesised  in 
Chapter 6.
Profoundly deaf ch ild ren  were b e t te r  a t  the task  than age-m atched hearing  
children, and deaf ado lescen ts  were b e t te r  than younger deaf ch ild ren  matched 
fo r hearing lo ss . I t  would appear, then, e i th e r  th a t years of exposure to  o ra l 
education sharpens the deaf ch ild 's  lip read ing  s k il l ,  or th a t the ado lescen t 
sub jec ts  te s te d  were a p a r tic u la r ly  sk ille d  é l i t e  who might have outperform ed 
age-matched deaf su b jec ts  from a non-academic environment.
Some su b jec ts  rep o rted  th a t they had employed a s tra te g y  of ignoring the 
in i t ia l  consonant and concen tra ting  on the f in a l vowel of each word, s in ce  th is
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is  the c r i t i c a l  p art fo r rhyme judgement. This s tra te g y , i f  su ccessfu l, could 
e lim inate  the e f fe c t of m anipulating the viseme group o f the in i t ia l  consonant 
in d iffe re n t-v isem e  rhymes. I t  was th e re fo re  decided to  improve on the design 
of the experim ent by incorpora ting  the co a rtic u la tio n  e f f e c t  in to  the design  of 
Experiment 3. Again, the aim was to  dem onstrate re lia n c e  on lip read  s im ila r i ty  
in making rhyme judgements, bu t the  d iffe ren t-v isem e  rhyming p a irs  in 
Experiment 3 c ap ita lised  on the v a r ia b ili ty  in the production and lip read  
appearance o f vowels depending on the preceding consonant viseme (the 
c o a rtic u la tio n  e ffe c t) . As befo re , the shared-visem e non-rhymes were 
constru c ted  by the se lec tio n  o f vowels from w ithin  viseme groups (e.g. sh ip ­
shape), The e f fe c t was dram atic, w ith the in te ra c tio n  between rhyme and 
viseme fa c to rs  accounting fo r alm ost 80% of the variance in rhyme judgement 
sco res . The performance of the profoundly deaf su b je c ts  dropped to 55% 
co rrec t in the incongruent cond itions (in which visem ic s im ila r ity  did no t 
match phonemic s im ila rity )  -  when guesswork alone would allow a score of 50%.
This c ru c ia l dem onstration of the co a rtic u la tio n  e f f e c t  on v isu a l speech 
percep tion  ind icates th a t the lip read e r perceives speech movements r a th e r  than 
speech sounds. Unlike a l i s te n e r ,  the lip reader cannot compensate fo r 
v a r ia tio n s  in phoneme production in iso la ted-w ord  co n tex ts . (As pointed o u t in 
Section 4.3, in lipreading continuous speech, sy n th e s is  s k i l l s  can be employed, 
bu t s in g le  words are  a b e t te r  veh icle  fo r the exam ination of phoneme 
percep tion .) For example, the allophonic v a r ia b ili ty  o f / I /  in p ip -ch ip  goes 
undetected  by lis te n e rs  but lip read e rs  a re  aware of the  visem ic d iffe re n ce  
c rea ted  by the lip-round ing o f the / t f /  in chip  w ithout being ab le  to 'r e s to r e ' 
the vowel phoneme. This su g g e s ts  th a t phonological coding (auditory , 
a r t ic u la to ry  or a b s tra c t)  is  no t involved in the lip read ing  process.
Furtherm ore, given th a t hearing  ch ild ren 's  perform ance was in fe r io r  to th a t  o f
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profoundly deaf ch ild ren , i t  is  evident th a t even ind iv iduals who a re  known to 
use phonological coding in o th e r con tex ts do not access phonology e ffe c tiv e ly  
during lip reading .
I t  would appear th a t su b je c ts  can give an im press ion of phonological coding in 
a lip read  rhyme judgement task , as long as the s tim u li confound phonological 
w ith visem ic s im ila r ity . Experiment 3 d rm atica lly  i l lu s tr a te d  th is  problem and, 
by iso la tin g  the two fa c to rs  in one experim ent, dem onstrated th a t the findings 
of Dodd & Hermelin (1977) a re  a t tr ib u ta b le  to  a v isu a l p a t tern-m atch  ing 
s tra te g y  e f fe c t .  This p u ts  in to  doubt the a s s e r tio n  (Dodd, 1987) th a t 
profoundly deaf ch ild ren  evidence a b s tra c t phonological coding in rhyme 
judgement tasks.
13.2 P ic tu re  experim ents
A more valid  te s t  of phonological coding would be to  use p ic tu re s  r a th e r  than 
spoken or p rin ted  words as s tim u li. Experiment 4 expanded on a design by 
Campbell & Wright (1988) using  p ic tu re  p a irs  to re p re se n t rhyming and non­
rhyming words (see Section 5.2.4). In Experiment 4, a mu I t  ip le - choice rhyme 
te s t  was designed, using  orthograph ic, visem ic and sem antic d is tr a c to r  p ic tu re s  
in add ition  to p ic tu re s  re p re se n tin g  orthograph ica lly -d is s im ila r  rhymes. The 
experim ent was unique in i t s  use of f iv e -p ic tu re  s e ts  ra th e r  than Campbell & 
W right's p ic tu re  p a irs . This p resen ted  a re a l challenge, as a l l  f iv e  p ic tu re s  
in each s e t  had to  meet c r i t e r ia  of c la r ity  and vocabulary c o n s tra in ts  as w ell 
as c r i t e r ia  fo r inclusion  in each category (e.g. the name being visem ic with 
the stem p ic tu re  name bu t orthograph ica lly  d is s im ila r , fo r visem ic d is tr a c to r s ) .
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Despite g re a t e f f o r ts  to  e s ta b lish  the fa m ilia r ity  and c la r i ty  of the p ic tu re s  
used in the experim ent, by v a lid ity  and r e l ia b i l i ty  s tu d ie s  on younger hearing  
ch ildren , id e n tif ic a tio n  of some o f the p ic tu re s  was d i f f i c u l t  fo r many o f the 
profoundly deaf su b jec ts  (aged 12 to  16). A nalysis ind icated  th a t p ic tu re  
naming d if f ic u l ty  was asso c ia ted  w ith  lower reading age; since  the lowest 
reading age measured was 8 years , i t  would appear th a t some of the  p ic tu re s  
used were above the 8 -y ea r-o ld  vocabulary level, although they were 
id e n tif ia b le  by m ixed-ab ility  h earin g  10-y ear-o ld s. However, i t  should be 
noted th a t no read ing  was involved in th is  task; su b jec ts  fa il in g  to  name a 
p ic tu re  were fa il in g  a t  a verbal level. This may appear unusual, a s  one would 
normally expect a ch ild 's  spoken vocabulary to exceed w ritten  vocabulary (i.e . 
reading age), bu t fo r deaf ch ild ren  the p a tte rn  is  u sua lly  the rev e rse  (Trybus 
& Karchmer, 1977; Waters & Doehring, 1990), suggesting  th a t they a c tu a lly  learn  
the meaning of many words from p r in t .  Therefore a profoundly deaf ado lescen t 
with a reading  age of ten years might w ell have a spoken vocabulary one or 
more years behind th is  level, whereas a hearing te n -y e a r-o ld  is  like ly  to  have 
a spoken vocabulary one o r more y ears  above th is  level. Thus, w ith h in d sig h t, 
the hearing  ch ild ren  used in the r e l i a b i l i ty  study were too old to  be an 
accurate  in d ica to r of the verbal a b i l i t i e s  of the deaf sample in th is  
experiment.
N onetheless, s in ce  42 of the 50 p ic tu re s  in the experim ent were named by over 
90% of the sample and a lto g e th e r  200 t r i a l s  were f re e  of naming e rro rs , 
valuable an a ly s is  of the data  could s t i l l  be achieved. This an a ly sis  ind icated  
th a t o rthograph ic  d is tra c to rs  were se lec ted  equally  as o ften  as the c o rre c t 
rhymes, o v e ra ll. F u rth er an a ly sis  revea led  th a t ten ind iv iduals tended to 
iden tify  rhymes and s ix  tended to  s e le c t orthographic d is tr a c to r s ;  none o f the 
su b jec ts  s e le c te d  visemic d is tr a c to r s  to a s ig n if ic a n t e x te n t and alm ost h a lf
266-
of the  sample showed no d e f in i te  p a tte rn  of responses (showing th a t they found 
the task  too d if f ic u lt) .  There was no e f fe c t on performance of verbal 
m ediation of the p ic tu re  names, nor of level o f speech in te l l ig ib i l i ty ,  both 
ac ro ss  the e n tire  sample and between the th ree  subgroups (Rhyme, O rthographic 
and Mixed responses). However, reading age was p o s itiv e ly  co rre la ted  w ith 
rhyme sco re , and the Rhyme subgroup had a s ig n if ic a n tly  h igher reading  age 
than the  Mixed subgroup. This su g g ests  th a t a r t ic u la to ry  p rocesses a re  le s s  
c r i t i c a l  to  profoundly deaf ch ild ren 's  rhyme judgement success than 
orthograph ic  knowledge. This makes sense in l ig h t o f W aters & Doehring's 
(1990) observations about deaf ch ild ren 's  w ritte n  vocabulary exceeding th e ir  
spoken vocabulary. In add ition , Campbell & Wright (1988) repo rted  a s im ila r  
re la tio n s h ip  between read ing  a b i l i ty  and re le a se  from graphemic coding in 
p ic tu re  rhyme judgement (see Section 5.2.4).
The in te rp re ta tio n  th a t a r tic u la to ry  coding was no t involved in Experiment 4 
was borne out in Experiment 5, which used the a r t ic u la to ry  suppression  
technique in conjunction with a pseudohomophone task , in o rder to examine 
w hether the Rhyme subgroup from Experiment 4 had used a r tic u la to ry  coding to  
make su ccessfu l rhyme judgements from p ic tu re  s tim u li. The a r tic u la to ry  
suppression  technique was used because experim ents rep o rted  in the la s t  f iv e  
years  have dem onstrated th a t i t  in te r fe re s  w ith rhyme judgement but no t 
pseudohomophone judgement by hearing  ad u lts  and ch ild ren  (e.g. Richardson,
1987; see Section 5.2.5). This is  taken as evidence th a t the technique
ti
m easures the a r tic u la to ry  p rocesses of segm entation and d e le tio n  r a th e r  than 
a b s tra c t  phonological coding (Besner, 1987). I t  was hypothesised th a t,  i f  the 
profoundly deaf rhymers in Experiment 4 were using  a r t ic u la to ry  coding to  make 
phonological judgements, then th e ir  success r a te  in homophony judgement would 
drop under an a r tic u la to ry  suppression  condition, whereas hearing  ch ild ren
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would show no e f f e c t  o f a r tic u la to ry  suppression  in such a homophony judgement 
task . (A rhyme judgement task would no t have d is tingu ished  the two groups, as 
the hearing  ch ild ren  would a lso  be using  a r tic u la to ry  p rocesses.)
Thus, in Experiment 5, the ten profoundly deaf su b jec ts  and a read ing -age  
matched hearing  con tro l group made homophony judgements about nonwords paired  
with (nameable) p ic tu re s  while counting aloud. A nalysis of variance revea led  
no e f fe c t o f a r t ic u la to ry  suppression  on e r ro r  sco res  or reac tio n  tim es fo r 
deaf or hearing  su b jec ts . This could be because both groups were making 
homophony judgem ents through some form of a b s tra c t phonological coding, bu t 
the c o rre la tio n  between reading age and accuracy in homophony judgement 
(accounting fo r 47% of the variance in the sco res of the deaf sample) su g g es ts  
again th a t th ese  deaf su b jec ts  were using orthographic knowledge to  guide 
th e ir  decisions. Of course, c o rre la tio n a l evidence is not enough to in fe r 
causation , and since  fu r th e r  study  of ten exceptional deaf ch ild ren  was beyond 
the scope of th is  th e s is , the suggestion  of so p h is tic a ted  o rthograph ic coding 
can remain only sp ecu la tion . N otw ithstanding, i t  can be concluded d e f in i tiv e ly  
th a t a r t ic u la to ry  coding does not explain  th e ir  a b i l i ty  to perform  such ta sk s . 
This lends added w eight to  the in te rp re ta tio n  th a t visemic coding exp la ins deaf 
ch ild ren 's  perform ance in the lip read ing  experim ents, as the p o s s ib il i ty  th a t 
a r t ic u la to ry  coding explained th e ir  perform ance is  re jec ted .
The importance of profoundly deaf ch ild ren 's  fa m ilia r ity  with English 
orthography in the two p ic tu re  experim ents ju s t  described  led to  a d ire c t t e s t  
of orthographic s k i l l s  in Experiment 6. This was a study  of the sp e llin g  
e r ro rs  made by the profoundly deaf su b jec ts  taking p a rt in Experiment 4, again  
using p ic tu re s  r a th e r  than verbal or p rin ted  s tim u li. I t was found th a t, 
unlike hearing  ch ild ren 's  typ ica l p a tte rn  of mainly phonetic sp e llin g  e r ro rs
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(e.g. HART fo r AearO, the m ajority  of e r ro rs  by the deaf su b jec ts  were 
graphem lc e r ro rs , esp ecia lly  word su b s titu t io n s . This finding  is  in line  w ith 
Hoemann e t  a l. (1976) and Pat tiso n  (1.986) -  see  Section 12.1 -  and is  fu r th e r  
evidence ag a in s t phonological coding as the b es t exp lanation  of profoundly deaf 
ch ild ren 's  lin g u is tic  processing . Word s u b s t itu t io n s  a re  symptomatic of the 
e a rly , 'logographic ' s tag e  of sp e llin g  and reading (F rith , 1980), in which words 
a re  addressed  as whole u n its  r a th e r  than assembled from th e ir  c o n s titu e n t 
phonemes (see Section 12.1). At th is  s tag e , if  a word is  no t ava ilab le  in the  
lexicon, a s im ila r known word is  su b s titu te d  as  an approxim ation. At la te r  
s ta g e s  of reading  development, phoneme-grapheme conversion is normally 
s tro n g ly  ev ident in ch ild ren 's  sp e llin g  e r ro rs , but phonetic e r ro rs  were dwarfed 
by graphemic e r ro rs  in th is  as in previous s tu d ie s  of deaf ch ild ren 's  sp e llin g .
Viseme e r ro rs  formed only a m inority  of the sp e llin g  e r ro rs  by the deaf 
ch ild ren , even allowing fo r the conservative  emphasis in the judges' e r ro r  
category , and a rtic u la tio n -b a se d  e r ro rs  were bare ly  ev iden t. Thus, as in the 
p ic tu re-rhym e experim ent and the a r tic u la to ry  suppression  experim ent, speech- 
based coding (recep tive  or expressive) does not explain  these  su b je c ts ' 
p rocessing  of p ic tu re  s tim u li. The fa c t th a t the Rhyme and O rthographic 
subgroups made s ig n if ic a n tly  fewer sp e llin g  e r ro rs  than the Mixed group 
re in fo rc e s  the explanation th a t they were using orthograph ic  knowledge in the  
p ic tu re-rhym e experim ent. The Rhyme subgroup (those who were s tu d ied  in the 
a r tic u la to ry  suppression  experim ent) made few sp e llin g  e r ro rs  a t  a l l ,  
suppo rting  the hypothesis th a t they would dem onstrate the most so p h is tic a te d  
aw areness of English orthography. The p roposition  th a t profoundly deaf 
ch ild ren  gain vocabulary through reading helps to explain  why they showed 
o rthograph ic coding in w ritten  rhyme genera tion  ta sk s  (in Experiments 1 to  3), 
in p ic tu re-rhym e judgement and in th e ir  sp e llin g  e r ro rs .
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1 3 .3  C o n c l u s i o n s  a n d  r e c o m m e n d a t i o n s
The argument th a t profoundly deaf ch ildren  a b s tra c t  phonology from a lip read  
input cannot be supported  in the lig h t of the find ings presen ted  here. 
Experiment 3 conclusively  dem onstrated the f a l l ib i l i t y  o f th is  p o s itio n .
L ipreading appears to  be no t so much a source o f phonological inform ation to  
o ra lly -ed u ca ted  profoundly deaf ch ildren  as a p rocess of v isua l p a t te rn -  
matching. If lip read  ing were the key to  th e ir  phonological awareness then 
th e re  should have been evidence o f viseme confusions in th e ir  p ic ture-rhym e 
judgement, when in fa c t th e re  was no evidence of th is .  Visemic fa c to rs  only 
apply in the lip read  ing contex t and do no t c o n trib u te  much to p ic ture-rhym e 
judgement. Success in rhyme judgement could not be a t tr ib u te d  to a r t ic u la to ry  
coding, as there  was no a r tic u la to ry  suppression  e f fe c t  in Experiment 5.
The m ajority  of the profoundly deaf ch ild ren  te s te d  showed some degree of 
graphemic coding of p ic tu re  s tim u li, p a r tic u la r ly  in th e ir  sp e llin g  o f the 
p ic tu re  names, which showed predominantly graphemic e r ro rs . A m inority  did 
show rhyme s k i l l  in Experiment 4 and these  ind iv iduals rep re sen t a group th a t 
deserves fu r th e r  study . They have a high reading  age compared to  o th e r  p ro f­
oundly deaf ch ild ren  and th is  demands more s tr in g e n t  t e s t s  of th e ir  l in g u is t ic  
s k il l s .  For example, rhyme te s t s  should include o r th o g rap h ica lly -s im ila r  non- 
rhymes w ith su b tle  d iffe re n ces  in orthography, e.g. SHOE-HOE, MAN-SWAN, ra th e r  
than the more obvious d iffe ren ces  used in Experiment 4 (BEE-BELL, DOOR-DOG). 
That is  to say, the s tim u li should take in to  account th a t deaf su b je c ts  w ith 
good reading s k i l l s  may ap p rec ia te  the onse t-r im e  segm entation c r i t i c a l  to 
co rrec t rhyme judgement (Treiman & Chafetz, 1987).
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N onetheless, g re a t care should be taken in the v a lida tion  o f such m a te ria ls , 
given the language problems p ecu lia r  to deaf children. Deaf ch ild ren 's  li te ra c y  
problems a re  no t su rp r is in g  given th e ir  lim ited access to  au d ito ry  phonology, 
which is  so im portant to  hearing  ch ild ren  when they a re  learn ing  to  read, 
allowing them to  sound out un fam ilia r words. These li te ra c y  problems were 
evident in Experiment 4, in which the  s tim u li had been v a lid a ted  on hearing  
ra th e r  than deaf ch ildren . Words which were fam ilia r to  hearing  n in e - and 
te n -y e a r-o ld s  o fte n  p resen ted  a b a r r ie r  to  profoundly deaf ado lescen ts . In 
fu tu re  re sea rch , i f  i t  is  unreasonable to  make repea ted  demands on a lim ited  
population o f deaf su b jec ts , i t  is  recommended th a t m a te ria ls  should be 
validated  on much younger hearing  ch ild ren .
The genera l conclusion of th is  th e s is  is , f i r s t ly ,  th a t the experim ents 
conducted do not support the hypo thesis  (e.g. Dodd, 1987) th a t profoundly deaf 
children use a b s tra c t  phonological coding in order to make rhyme judgem ents 
about lip read  s tim u li. Instead , th e se  experim ents provide s u b s ta n tia l  evidence 
of v isu a l patte rn -m atch in g  s t r a te g ie s  by sub jec ts  in th ese  ta sk s . Secondly, 
there is  evidence th a t the b a s is  fo r  profoundly deaf ch ild ren 's  coding o f 
nonverbal l in g u is t ic  s tim u li (namely p ic tu re s )  is  not lip read  ing or a r t ic u la t io n  
but is  more lik e ly  to be th e ir  app rec ia tio n  of orthography, bu t fu r th e r  
research  is  needed in th is  area .
The theory th a t  phonological coding is  a b s tra c t and non -m o d ality -sp ec ific  
claims supp o rt from the evidence o f profoundly deaf ch ild ren 's  lip read  rhyme 
judgement a b i l i t i e s .  This is  no longer ju s t i f ie d , given the find ings p resen ted  
here, which in d ica te  th a t p re lin g u a l profound deafness may indeed be a b a r r ie r  
to a b s tra c t phonological coding in the  m ajority  of cases. I t  would appear th a t  
deaf ch ild ren 's  success in phonological tasks owes a g re a t deal to  v isu a l
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coding in the form of lip read  ing s k i l l s  (in the lip read  con tex t only) and 
o rthograph ic  knowledge in the con tex t of p ic tu re  s tim u li. I t  is , a f te r  a l l ,  
reasonab le  th a t those who use only v isu a l means of conveying language should 
code i t  in a v isu a l form. H opefully, more educators o f deaf ch ild ren  w ill come 
to  ap p rec ia te  th is  v isu a l p re fe ren ce  and re lax  the au d io cen tric  b ias  concerning 
what is  b e s t fo r th e ir  charges, which has dominated policy  fo r the p a s t 
cen tu ry .
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E x p e r i m e n t s  1 a n d  2 :
PROFOUNDLY DEAF SUBJECTS
No. Name Age Age a t Cause o f mean dB lo ss
o n se t deafness in b e t te r  e a r
1. Matthew S. 1 lyr.6m. congenital ma te rn , ru b e lla 102
2. Sumit S. 1 lyr.6m. congen ita l unknown 100
3. Gavin J. Qyr.l Im. 9 months v ira l  m ening itis 86
4. James M. 10yr.5m. ly r .  diag. unknown 109
5. O liver R. 7 y r.l Im. p re  lingual ma te rn , ru b e lla 85
6. Sara W. 8yr.8m. pre  lingual ma te rn , ru b e lla 99 ($)
7. Joanne W. 15yr.6m. 3 y rs . diag. unknown 94
8. Linda C. 17yr.0m. congen ita l mate rn , ru b e lla 99
9. Cathy D. 16yr.6m. pre  lingual unknown 99
10. Lucy H. 17yr.3ra. congen ita l unknown 81
11. Yvonne H. 16yr.6m. congen ita l v iru s  in pregnancy 106
12. Jeremy I. 16yr .1 Im. congen ita l unknown 94
13. Richard K. 18yr.4m. congen ita l unknown 98
14. Andrew M. 17yr.4m. congen ita l unknown 97
15. Janet M. 18yr.8m. congen ita l unknown 90
16. Samantha P. 17yr .Om. congen ita l unknown 90
17. Ian R. 17yr.l0m. congen ita l fam ilia l 98
18. Owen S. 17yr.5m. congen ita l unknown 107
19. Jonathan W. 16yr.4m. congen ita l unknown 108
20. Tamsin W-H. 17yr.5m. congenital. U sher's Syndrome 100
21. Alison W. 18yr.lm. congen ita l fam ilia l 93
(*) Did no t p a r tic ip a te  in Experiment 2.
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E x p e r i m e n t s  1 a n d  2 :
SEVERELY DEAF SUBJECTS
No. Name Age Age a t Cause o f mean dB L
onse t deafness in b e t te r
1. Graham E. 12yr.4m. congenita l m aternal ru b e lla 68
2. C h ris tin e  D. 12yr.7m. congenital unknown 68
3. Carey M. 9yr.3m. p e r in a ta l ? unknown 76
4. P e te r R. 1 ly r  .9m. 17m. diag. unknown 78
5. William E. 14yr.8m. 2yrs. diag. m aternal ru b e lla 68
6. C la ire  B. 15yr.7m. p e r in a ta l p rem atu rity 76
7. David B. 13yr.lm. congen ital unknown 66
8. Kathryn G. 16yr.8m. congen ital unknown 67
9. A vril H. 17yr.5m. congenital fam ilia l 72
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E x p e r im e n t  3 :
PROFOUNDLY DEAF SUBJECTS
No. Name Age Age a t Cause o f mean dB 1(
onset deafness in b e t te r
1. Tony A. 15yr.6m. congenital m aternal ru b e lla 96.7
2. John A. 15yr.9m. pre lingual unknown 90.8
3. Daniel B. 16yr.lm. congenital unknown 90.8
4. Kerry B. 17yr.8m. p o s tn a ta l trauma 80
5. Josh G. 15yr.7m. congen ital unknown 91.4
6. Daffyd J. 16yr.4m. 9 mths m ening itis 105.7
7. Leo. M. 16yr.2m. congenital h e red ita ry 102
8. Gordon M. 15yr.8m. congenital h e red ita ry 91.7
9. David W. 15yr.l Im. congenital unknown 95
10. Caroline B. 14yr.9m. congenital unknown 103.7
11. E lizabeth  B. 15yr.4m. congenital unknown 109
12. A lice C. 15yr.9m. congenital unknown 81.7
13. Shelagh D. 16yr.0m. congenital unknown 92.5
14. Ju lie  F. 15yr.l Im. congenital h e red ita ry 94.2
15. Sarah H. 15yr.6m. congenital unknown 93.3
16. Jacqui H. 16yr.4m. congenital h e red ita ry 80.7
17. Clare M. 15yr.3m. congenital h e red ita ry 99
18. Jane N. 16yr.0m. congenital h e re d ita ry 100
19. Lisa S. 15yr.llm . congenital K lippel-Feil syndrome 100
20. Helen T. 16yr.4m. congenital unknown 99
21. Steph W. 15yr.l0m. pre lingual. m aternal ru b e lla 90
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E x p e r i m e n t s  4 - 6
PROFOUNDLY DEAF SUBJECTS
No. Name Age Age a t  
o nse t
Cause o f 
deafness
mean dB lo ss  
in b e t te r  e a r
1. P h ilip  B. 16yr.3m. prob. b ir th unknown 105
■ 2. D eepatr. C. 15yr.6m. congen ita l unknown 95
3. Grant P. 15yr.5m. congen ita l m aternal v iru s 120
4. Paul L. 14yr.2m. congen ita l m aternal ru b e lla 95
5. Mark B. 14yr.2m. congenital unknown 105 ($)
6. James D. 12yr.llm . 6 weeks m en ing itis 105
7. Tyron W. 12yr.4m. congen ita l h e re d ita ry 85 (*)
8. Andrew V. 12yr.3m. congenita l poss. h e re d ita ry 100
9. Simon L. 16yr.0m. prob. b ir th unknown 110
10. Darren H. 15yr.l Im. p e r in a ta l anoxia 95
11. Paul H. 15yr.lm. congen ita l unknown 100
12. Derek M. 14yr.l Im. prob. b ir th unknown 115
13. Danny C. 14yr.2m. congenital unknown 105 ($)
14. Sumit S. 12yr.l Im. congen ita l unknown 105 ($)
15. David F. 12yr.8m. congen ital unknown 105
16. Henry S. 12yr.3m. congenital h e re d ita ry 95 (*)
17. Robert B. 16yr.9m. p e rin a ta l c e re b ra l palsy 90
18. Darren P. 15yr.5m. congenital h e re d ita ry 100
19. James W. 15yr.3ra. congen ital unknown 100 ($)
20. Steven C. 13yr.l Im. p e rin a ta l b ir th  trauma 90 ( t)
21. Daniel F. 12yr.7m. congen ita l. unknown 105
22. A sif I. 13yr.2ra. congenita l unknown 120
23. Philip  T. 12yr.3m. prob. b ir th unknown 95 ($)
24. Matthew B. 16yr.2m. 18 months poss. v iru s 105
25. Ivan K. 15yr.9m. prob. b ir th unknown 100
26. Michael T. 15yr.0m. congenital unknown 105
27. Stephen C. 15yr.0m. p e rin a ta l p rem atu rity 105
28. Ramon W. 14yr.0m. congenital h e re d ita ry 110 ($)
29. Chris. S. 13yr.2m. 14 months prob. mumps 100 (*)
30. Antony. D. 12yr.6m. 6 months prob. vaccine 100
31. Gary B. 12yr.3m. 18m. diag. fam ilia l ( s is te r ) 105
(^) P a rtic ip a te d  in experim ent 5.
A P P E N D IX  2
VALIDITY AND RELIABILITY DATA FOR EXPERIMENT 4
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E x p e r i m e n t  4 :
RESPONSES TO PICTURE-RHYME VALIDITY STUDY
Game 1: Word A sso c ia tio n s  (no. of re sp o n se s  in  b ra c k e ts )
Stem word O rig .se m a n tic  S u i ta b le
d i s t r a c t o r  a l t e r n a t i v e
U n su ita b le Conf used
1. KNIGHT CASTLE (0) DRAGON (1)
2. BED PYJAMAS (0) PILLOW (4) 
b la n k e t /  
cover (12)
3. BEE HONEY (14)
armour (22) 
sw o rd /la n c e / 
axe (7) 
b r a v e / f ig h t  (4) 
h o rse  (2) 
damsel in
d i s t r e s s  (1) 
s o ld ie r  (1) 
d raw bridge (1) ;
s le e p  (20) 
p o s ts / s p r in g s  (4) 
room (3) 
comfy/messy (2) 
a w a k e /tire d  (2) 
n ig h t (1) 
c o t (1)
1amp (1)
b u z z /s t in g  (18) 
w asp /f ly  (9) 
h iv e  (6)
queen/bum ble (2) 
fu r ry /s m a ll  (2) 
in s e c t (1) 
flow er (1)
day / 
m orning/ 
d a rk / 
moon (10)
4. CHAIN DAISY (0) LOCK (9)
5. CRANE WEIGHT (0) LORRY (2) 
l i f t /h e a v y  (8)
m e ta l / s te e l  (7) 
saw (6)
g o ld /n e c k la c e  (5) 
p r is o n e r  (5) 
b ik e  (3) 
l e t t e r  (3) 
lin k  (2)
paper (1) t o i l e t  (1) 
ghost (1) rope  (1)
b ird  (11)
b u ild in g  s i t e / b u i l d e r  
b ig /h ig h  (4) 
t r a c to r /d ig g e r  (5) 
m a c h in e /v e h ic le  (4) 
m etal/hook  (2)
( 7 )
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stem  word
6. MONK
O rig .se m a n tic  S u i ta b le  
d i s t r a c t o r  a l t e r n a t i v e
CHAPEL (0) NUN (8)
m onastery (10) 
church (5)
7. CART HORSE (21)
U n su ita b le
f o r  p ic tu r e
p ray  (6) 
h a b i t  (4) 
b a ld  (3)
h o ly /p i lg r im  (3) 
Jesus/G od  (2) 
k in g  (1)
wheel (12) 
g o - c a r t / t r o l l e y /  
p u l l  (5) 
c a r  (2) wagon (1) 
wood (1) c r a t e  (1)
Conf used
(3)
monkey (2) 
bunk (1)
8. BOAT RIVER (1) 
w ater (6)
SEA (3) 
LAKE (2)
s a i l  (11) s h ip  (9) 
f i s h in g  (4) 
ro w /o a rs  (3) 
yach t (3) 
f l o a t  (3) 
m o to r/sp eed  (2) 
waves (1) 
s a i l o r  (1) 
cargo  (1) 
anchor (1)
9. WOOL KNITTING (11) SHEEP (13) 
n e e d le  (3)
10. SHOE FOOT (13) SOCK (8)
c o t to n  (7) 
s t r i n g / l a c e  (6) 
b a l l  (4) 
f lu f f y /w o o l ly /  
s o f t / f u r r y  (4) 
jum per (2) 
long (1) Mum (1)
la c e  (10) 
s o le  (5) 
t r a i n e r  (3) 
boot (3) 
s l ip p p e r  (3) 
p o l i s h /c le a n  (3) 
w ea r/ru n  (2) 
b uck le  (1)
go away (1)
11. DOOR MAT (1) HANDLE (12) 
window (6)
open /w ide/
a j a r / s h u t  (15) 
sw in g /s lam /
c lo s e /c r e a k  (4) 
h in g e  (3) lock (2) 
b e l l  (2) knob (2) 
p o s t/f ra m e  (2) 
s to p  (2)
s te p  (1) way (1) 
wood (1) w all (1)
•293-
stem  word
12. BEAR
Orig.semantic Suitable 
distractor alternative
HONEY (7)
U n su ita b le
f o r  p ic tu r e
f u r / h a i r y  (8) 
animal (6) 
brown/black (4) 
paws/claws (4) 
f i e r c e / g r o w l /  
b i t e  (4) 
l a rg e  (3) 
teddy (3) 
cub (3) hug (2) 
cave (2)
- s k i n  rug (1) 
wolf (1)
Conf used
13. BLUE SKY (13) RED (13)
YELLOW (5)
GREEN (4)
PINK (3)
PURPLE (2)
BLACK (2) 
WHITE/ORANGE (2)
colour (8)
p en / in k  (2) 
sad (1)
l i t t l e  boy (1) 
mys t ic  (1)
14. BOWL CEREAL (2) SPOON (8)
15. KITE WIND (3) STRING (8)
food (5) f r u i t  (3) 
g o l d f i s h  (3) 
mixing (3) 
p l a t e  (3) d i s h  (2) 
round (2) mug (2) 
s a l a d  (2) soup (2) 
ch in a  (1) c a t  (1) 
k n i f e  (1) 
c r i c k e t / b a t /
b a l l / s p o r t  (4) 
a l l e y / r o l l / g a m e  (4)
f l y  (27) 
sky (3) 
t a i l  (2) 
wings (1) 
g l i d e  (1)
' p l a n e  (1)
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Semantic distractors used as stimuli ( - selected as a double check)
Semantic Stem Other
distractor
1. CASTLE KNIGHT (7)
2. PYJAMAS BED (18)
3. HONEY BEE (24) 
BEAR (4)
7. HORSE CART (11)
8. RIVER BOAT (2)
10. FOOT SHOE (5)
k ing /queen  (13) t o w e r / t u r r e t  (7) d rawbridge  (5) 
f o r t ( r e s s )  (5) moat (3) kingdom (2) s to n e  (2)
o l d / r u i n e d  (2) sand (2) f l a g  (1)
n i g h t d r e s s  (6) s l e e p / y  (6) b o t t o m s / to p  (5)
n ig h t  (5) wear (3) c l o t h e s  (3)
dress ing-gown (2) s t r i p e y  (1) c a s e  (1)
sweet (6) Pooh Bear (2) p o t / j a r  (4) beeh ive  (3) 
e a t / f o o d  (3) jam/marmite (3) s t i c k y  (2) 
n ic e /e u g h  (2) honeycomb (1)
r i d e  (8) ru n / ju m p /g a l  l o p / b u c k /c l  ip  c lo p  (5) 
pony (5) s a d d le  (4) m a n e / t a i 1/hooves  (4) 
cow/donkey (3) r e i n / s h o e  (2) f i e l d / s t a b l e  (2) 
c a r r i a g e  (1) plough (1) r a c i n g  (1) animal (1) 
b ig  (1) k ind  (1)
s t r e a m / s e a / l a k e / c a n a l / p o n d / p o o l  (23) w ate r  (8) 
f low (8) Thames (4) f i s h  (3) bank (2) 
v a l l e y  (1) canoe (1) swim (1) deep (1)
toe  (13) b a l l  (10) sock (6) l e g  (5) hand (5) 
ank le  (2)
13. SKY BLUE (20)
14. CEREAL BOWL (3)
c louds  (16) sun (7) moon (2) b i r d s  (2) 
ground (2)
c o r n f l a k e s  (11) b r e a k f a s t  (10) f o o d / e a t  (9) 
packet  (5) milk (5) b ran/w hea t  (2) r a i s i n  (2) 
Wee tab ix /K el logs  (2)
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Low frequency words - check on comprehension (mainly visemic distractors)
Stimulus Understood Mi sunders tood
5. GRATE f i r e  (9)
(V+) c h e e s e / c a r r o t / s h r e d /
c u t / g r i n d / g r a t e r  (28) 
d r a i n / g u t t e r  (2) b a r s  (1)
6. PUNK (spikey/Mohican) h a i r  (16)
(R+) r o c k e r  (12) i d i o t / t h i c k  (3)
l e a th e r / d e n im  j a c k e t  (2) 
s t u d s / c h a i n s  (2) heavy metal (1) 
c o l o u r s  (1) youth  (1) 
sk inhead  (1)
f a n t a s t i c / b i g / w o n d e r f u l  (5) 
' ? '  (1) r ed  (1)
man/lady  (3) pink (1)
10. JAW t e e t h  (21) mouth (12) bone (6)
(V+) gum (5) e a t / f o o d  (3) cheek (1)
b reak e r  (1)
sh a rk / J a w s /b lo o d  (3)
12. PIER s ea  (17) s e a s i d e  (4)
(V+) g am es / r id e s  (4)
a r c a d e / f r u i t  machine (2) 
show/top (2)
B r igh ton /B lackpoo l  (2) 
beach /harbour  (3) w ate r  (2) 
s h ip  (2) g a l e / f a l l  (2) wood (1) 
h igh  (1) s t r o l l  (1)
•? '  (2) from (1)
Easy ' f  i 1le rs* (most
SHOP * sweets  (10)
KING queen (38)
EGG bacon (12)
BUCKET water (18)
TABLE c h a i r (33)
BACON eggs (26)
BREAD b u t t e r  (12)
MILK dr ink (13)
BEACH sand (23)
SUGAR sweet (12)
COLLAR s h i r t (18)
FOOTBALL game (9)
LORRY c a r  (12)
FISH swim (10)
JUDGE c o u r t (20)
STRING rope (10)
APPLE pear (9)
s  common responses)
food (8) buy (6) window (5) toys  (3) supermarke t  (3) 
crown (4) p r i n c e / p r i n c e s s  (3)
yolk (7) ch icken  (5) s h e l l  (5) cup (4) spoon (4)
spade  (17)
le g s  (5) c l o t h  (3)
p ig  (6) meat (4) b r e a k f a s t  (3)
f l o u r / y e a s t  (6) e a t / f o o d  (6) g r a in /w h e a t  (4)
cow (11) b o t t l e  (5) cream (5) c a t  (3)
s e a  (18) sun (4) b a l l  (4) s e a s h e l l s  (3)
lump (6) s a l t  (6) t e a  (5) bowl (3) cane (3)
dog (11) v i c a r  (3) t i e  (3) neck (3)
goal  (8) kick (8) b a l l  (5) p la y  (5) team (4)
b ig / lo n g /h e a v y  (7) van (4) d r i v e r  (4) t r u c k  (3)
s h a r k / . .  (8) w a t e r / . .  (8) f i s h i n g / . .  (8) bowl (5)
j u r y  (8) wig (3) co m p e t i t io n /w in  (3)
wool (6) b a l l  (6) t i e  (6) knot  (3) long (3)
f r u i t  (8) orange (7) e a t  (6) co re  (5) t r e e  (5)
p i e (4 )
[* O rthographic d i s t r a c to r  ]
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Game 2 ; Rhymes
Stem word Orig. target Suitable
rhyme alternative
U n su ita b le Non-rhyme
1. KNIGHT BITE (5) WHITE (1)
2. BED HEAD (16)
l i g h t  (13) 
f i g h t  (8) 
k i t e  (6) 
f r i g h t  (5) 
n ig h t  (3) 
w r i t e  (2) 
s i g h t  (2) 
h e i g h t  (2) 
b r i g h t  (1) 
might (1)
le ad  (7) 
dead (6)
fed  (5) s a i d  (4) 
led  (4) red  (4) 
read  (3) shed (2) 
Fred (2) Ted (1) 
wed (1) Med (1)
3. BEE KEY (4) me (7) he (6) 
sea  (6) pea (5) 
t e a  (5) t r e e  (4) 
knee (4) see  (4) 
le a  (2) f l e a  (1) 
t e e  (1) t h r e e  (1) 
wee (1) f r e e  (1) 
we (1) she (1) 
be (1)
4. CHAIN CRANE (4) mane (4) 
cane (3) 
lane  (3) 
p lane  (1)
main (11) 
r a i n  (7) 
pa in  (3) 
va in  (2) 
s a n e / i n s a n e  (2) 
pane (1)
Spain (1) 
g a in  (1) 
t r a i n  (1) 
p l a i n  (1)
f  ame 
lame 
game 
same 
tame
( 2 )
( 1 )
( 1 )
( 1)
( 1 )
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stem  word
5. CRANE
Orig. target 
rhyme
TRAIN <2)
Suitable
alternative
cha in  (2) 
d r a i n  (1)
U n su ita b le
mane (7) 
r a i n  (6) 
lane  (5) 
main (3) 
pa in  (2)
Spain (2) 
pane (2) 
p lane  (2) 
b r a i n  (1) 
g a in  (1) 
c o n ta in  <1) 
cane (1)
sane <1) Dane (1)
Non-rhyme
tame
game
same
lame
flame
( 1)
( 1 )
( 1 )
( 1 )
( 1)
6. MONK PUNK (17) bunk (6) 
t runk  (5)
sunk (7) 
drunk (2) 
hunk (2) 
junk ( 1 ) 
chunk (1) 
dunk ( 1 ) 
skunk (1) 
f unk ( 1 )
konk
lump
( 1 )
( 1 )
7. CART HEART (13) t a r t  (11) 
f a r t  (7) p a r t  (6) 
smart (5) d a r t  (5) 
c h a r t  (1)
s t a r t  (1) mart  (1)
8. BOAT NOTE (1) coa t  (20)
f l o a t  (9)
moat (9) goa t  (7)
wrote (2)
s t o a t  (1) oa t  (1)
9. WOOL BULL (10) p u l l  (15) 
f u l l  (3)
pool
school
cool
foo l
d roo l
to o l
mule
(5)
(2 )
(2 )
( 1 )
( 1 )
( 1)
( 1 )
10. SHOE BLUE (5) two (3) 
zoo (1)
loo (12) 
who (5) poo (4) 
you (3) g lu e  (3) 
moo (2) c l u e  (1) 
f l u e  (1) coo (1)
coe (1) 
low (1)
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stem  word
11. DOOR
Orig. target 
rhyme
CORE (5)
Suitable
alternative
SAW (3) 
paw (1)
U n su ita b le
f l o o r  (15) 
moor (6) 
more (5)
law (5) poor (3) 
raw (2) pour (2) 
shore  (1) 
s t o r e  (1) 
tou r  (1) r o a r  (1) 
s o a r  (1) f o r  (1)
Non-rhyme
12. BEAR CHAIR (2) h a i r  (13) 
mayor (3)
13. BLUE TWO (4) shoe (8) 
zoo (1) 
screw (1)
14. BOWL COAL (7) mole (9) 
ho le  (8) 
fo a l  (2)
c a r e  (5) 
t e a r  (5) pea r  
f a i r  (4) 
mare (3) 
s t a r e  (2) 
sn a r e  (1) 
l a i r  (1) da re  
s h a re  (1) 
f a r e  (1) 
s t a i r  (1) 
s c a r e  (1) 
t h e r e  (1)
(4)
( 1)
f e a r
h e a r
c l e a r
mair*
(2 )
( 1 )
( 1 )
( 1 )
[* m ayor/m are ? ]
you (5) loo (5) 
g lue  (4) sue  (3) 
c lu e  (2) poo (2) 
moo (1) chew (1) 
Jew (1) knew (1) 
new (1) few (1) 
do (1) who (1) 
t r u e  (1) f l u e  (1) 
goo ( 1)
soul  (7) 
s o l e  (3) 
s t o l e  (1) 
r o l l  (1)
C* fo a l
fow lf (3)
cowl** (2)
cool** (1)
f ou i* (1)
low (1)
trowel (1)
t r o l  1 (1)
? ** coa l
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Staffi ward
15. KITE
Qf-ig. targat 
rhyme
LIGHT (9)
S w i tah la
a lte r n a t iv e
n ig h t  (6)
UnsMitahla
b i t e  <6) 
f i g h t  (5) 
s i g h t  (5) 
h e i g h t  (4) 
kn igh t  (4) 
might (3) 
t i g h t  (3) 
f l i g h t  (3) 
mi te  (3) s i t e  (2) 
white  (1)
Non-rhyme
b ik e  (1)
Orthographic d is tr a c to r  -  to  check s p e l l in g  dominance
O rthog raph ic  S p e l l i n g  d i s s i m i l a r
1. EIGHT g a t e  (7) l a t e  (6) 
h a t e  (4) d a t e  (4) 
f a t e  (3) r a t e  (3) 
mate (3) b a i t  (4)
S p e l l i n g  s i m i l a r
Rhyme 
weight  (4)
Non-rhyme
h e i g h t  (1) 
s l e i g h t  (1)
Easy ' f i l l e r s ' (Most f r e q u e n t  r e sponses )
MUG * 
POOL * 
PEN *
WIG
LOG
GUN
PIP
HAT
COT
FAN
QUEEN
SHED
BOOK
KING
bug (15) j u g  (9) tug  (8) r u g  (7) hug (3) snug (3) p lug  (3)
cool  (12) to o l  (9) foo l  (8) s t o o l  (5) school  (3) wool (4)
hen (29) den (8) men (7)
p ig  (25) d ig  (9) f i g  (4) b ig  (4) g ig  (3)
dog (19) bog (13) hog (8) fog  (4) f r o g  (3)
bun (13) sun (10) fun (9) run  (8) won (3) one (1)
l i p  (21) d ip  (6) n ip  (5) s i p  (4) h ip  (4) t i p  (4) s h i p  (3)
c a t  (25) mat (17) ba t  (11) r a t  (7) f a t  (7)
pot  (14) ho t  (8) dot  (5) r o t  (4) not  (4) knot  (3) go t  (3)
man (16) pan (8) can (8) ban (6) t an  (4)
bean (10) lean  (8) been (6) seen  (6) mean (4)
head (21) bed (19) red  (3)
hook (12) cook (12) look (11) took (8) rook (7) shook (5) 
r i n g  (11) s in g  (11) wing (6) t i n g  (6) p ing  (5) t h i n g  (3)
[ f  Vi seme d i s tr  s c to r  s  3
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Game 3 ; P i c t u r e id en t  i f i c a t  ion
P i c t u r e
name
% c o r r e c t  
l l y r s  9yrs
I n c o r r e c t  r e s p o n s es  
l l y r s
(n=23)
(no. > 
9 y r s )  
(n=20)
KITE 100 100
FOX 65 30 c a t  (8) c a t  (14)
LIGHT 48 90 l i g h t  bu lb  (4) 
bulb  (8)
1amp (1) 
bu lb  (1)
GUIDE 91 40 n u r s e  (2) lady(5 )  p o l i c e  (2)
' ? '  (2) f a i r g r o u n d  (1) 
p i l o t  (1) Brownie (1)
WIND 91 90 t r e e  (1) 
umbre l la  (1)
t r e e  (2)
BEE 100 95 wasp (1)
BEAK 70 35 b i r d s  (6) b i r d s  (7) (1) 
d u c k /c ro w /s e a g u l l  (5)
HONEY 100 85 h iv e  (1) jam (1) 
'cown'  (1)
BED 100 100
KEY 100 100
BEAR 96 95 bear  cub (1) dog (1)
HONEY 100 90 h iv e  (1) ' co u n '  (1)
PIER 91 45 beach (1) 
p o r t  (1)
' p e a r / p a i r '  (5) * ? ' ( 2 )  
(1) beach (1) 
s e a  (1) b r id g e  (1)
CHAIR 100 100
BEARD 83 70 face  (2) f a c e  (2) (2)
l i g h t  (2) f i r e  (1) b a t  (1)
-301-
P i c t u r e
name
% c o r r e c t  
l l y r s  9yrs
I n c o r r e c t  r e s p o n s e s  
l l y r s
(no. > 
9 y rs )
BOWL 96 100 c e r e a l  (1)
COAL 96 100 g r a t e  (1)
POOL 100 90 swimming (1) pond (1)
CEREAL 96 70 b i r d  seed (2) seeds  (4)
b i r d  seed (1) (1)
OWL 100 90 b i r d  (1) wet (1)
BED 100 100
BEE 100 90 wasp (1) f lower  (1)
PYJAMAS 96 90 d r e s s  (1) s u i t  (1) c l o t h e s  (1) s h i r t  (1)
PEN 100 95 b i r o  (1)
HEAD 78 70 face  (2) shadow (2) 
s i l h o u e t t e  (1)
fa c e  (6)
CART 96 80 h o rs e  c a r t  (1) hay (4)
HORSE 100 100
CAN 57 55 t i n  (7) 
t i n  can (3)
t i n  (7)
beans (1) peas  (1)
HEART 100 95 love  (1)
GUARD 30 25 s o l d i e r  (14) 
s e n t r y  (2)
s o l d i e r  (12) march (1) 
s e n t r y  box (1)
S co ts  Guardsman (1)
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P i c t u r e
name
BLUE
TWO
BLOCK
SKY
BALLOON
% c o r r e c t
l l y r s  9 y rs
In c o r re c t  re sp o n se s  (n o .)
91
100
30
74
100
95
95
45
75
95
1 l y r s
square  (b lue)  (1) 
square  (1)
b r i c k s  (7) 
cubes (4) box (3) 
l e t t e r  b locks  (1) 
word b locks  (1)
c louds  (3) ' ? '  (1) 
co u n t ry s id e  (1) 
p a i n t i n g  (1)
9yrs )
square  (1) 
number (1)
b r i c k s  (2) cubes  (5) 
box (2) l e t t e r s  (1) 
d i c e  (1)
c louds  (2) ' ? '  (1)
co u n t ry  (1) (1)
orange  (1)
MONK
CHAPEL
PUNK
MUG
MOLE
96
100
91
87
100
75
100
75
65
90
p r i e s t  (1)
sp ikey  punk (1) 
'Aney'  (1)
cup (3)
p r i e s t  (5)
punk r o c k e r / p e r s o n  (2) 
'pun '  (1) ' h u n c k '  (1) 
my mum's f r i e n d  (1)
cup (7)
vo le  (1) ' ? '  (1)
KNIGHT
NINE
EIGHT
BITE
CASTLE
100
100
100
35
100
95
100
100
70
100
armour (1)
r i p / t e a r  (7) dog (6) dog (3) f o o t  (1) 
r a b id  dog (1) leg  (1) ' r a i e t '  (1)
r ipped  t r o u s e r s  (1)
-303 -
P i c t u r e
name
% c o r r e c t
l l y r s  9 y rs
In c o r r e c t  re sp o n se s  (no. )
l l y r s  9 y rs )
DOOR
CORE
DOG
MAT
TWO
100 100
74 65
100
100
100
90
90
95
app le  c o re  (5) 
app le  (1)
ap p le  co re  (4) 
app le  (3)
puppy (2)
rug  (1) welcome (1) 
g r e e n  (1)
CRANE
GRATE
WEIGHT
CRASH
TRAIN
100
26
95
10
96 85
87 90
78 90
f i r e  (6) h e a r t h  (1) 
f i r e p l a c e  (6) 
bed (2) g a t e  (2)
10kg (1)
l o r r y  (1)
f i r e  (8) f i r e p l a c e  (6) 
bed (1) co t  (1) 
g a t e  (2)
10kg (2)
100 k i l l e r g r a m s
w e i g h t (1)
ca r  c r a s h  (1) c a r  (1) c a r  c r a s h  (1) 
two s i l l y  d r i v e r s (1) bump (1)
engine  (2) c o a l ( l )  
s team t r a i n  (1) 
locomotive (1)
t r a c t o r  (2)
WOOL
WOOD
KNITTING
BULL
ONE
96
96
87
91
85
75
85
70
b a l l  of wool (1) 
t r e e  (1)
wool (3) 
cow (2)
s t r i n g  (2) c o t t o n  (1) 
t r e e  (3)
plank  (1) log  (1) 
wool (3)
cow (4) 
goa t  (1) ( 1 )
100 100
-3 0 4 -
P i c t u r e  % c o r r e c t  
name l l y r s  9y rs
In c o r re c t  re sp o n se s  ( n o .)
l l y r s  9 y rs )
CHAIN
CRANE
SHADE
CHAIR
DAISY
100
100
0
100
95
0
100 100
17 20
beach (13) sun (9) 
wind s h e l t e r  (2) 
sunshade (1)
f low er  (18) 
weed (1)
l o r r y  ( 1 )
beach (7) sun (6) 
sand (2) (2)
fence  (1) ' ? '  (1) 
sunsc reen  (1)
f low er  (14) 
sunf low er  (2)
BOAT
MOON
NOTE
BOOT
RIVER
100
100
91
78
74
90
95
70
90
65
music (1) 
s t a v e  (1)
w e l l i e  (3) s o c k  (1) 
W e l l i n g t o n  b o o t  (1)
c o u n t r y s i d e  ( 1 )  
a e r i a l  v i e w  ( 1 )  
s t r e a m  ( 2 )  l a n d ( l )  
c o l o u r s  ( 1 )
yach t  (2) 
n i g h t  (1)
music (2) tune (2) 
song (1) (1)
sock (2)
c o u n t ry s i d e  (1) 
la ndscape  (1) lake  
f i e l d  (1) rug  (1) 
' ? '  ( 1 ) ( 1 )
( 1)
SHOE
SHOP
JAW
FOOT
BLUE
100
96
91
100
96
100
90
70
90
100
t y p i c a l '
co rn e r  s hop ( l )
mouth (1) 
t e e t h  (1)
square  b lue  (1)
d o l l ' s  house (1)
' ? '  ( 1 )
mouth (1) t e e t h  (1) 
s h o e / c l o g / b o o t  (4)
l e g  (2)
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PRACTICE 
Sfi-T :
-3 0 6 -
S F T  1
-3 0 7 -
5êT X
> -
-308-
6 ê :t  3
# #
±_l> 1} g o   ^'
c> ^  «  a
-309-
5£T 4
I :
\  U /
n ' :
n
, - i  s
V
k |  h
L
t1 -
_ 1
M / -
a a n a n n i
a c D t r j i j D a o t a
" . . . . . . . . . . . . . . . . . . . . . . . . ^
-3 1 0 -
S E T  f
tyrr i- r r  j
-311-
5êT 4
-312-
5 è T  ?
-313 -
8  E T  B
/r^  A'i
-3 1 4 -
ÔÊT 9
-3 1 5 -
6 êT  lo
S M  (TW "T'
f î
Colour:  b lue
-316 -
-3 1 7 -
J l /
L
-318 -
Colour: b lu e
-319 -
-3 2 0 -
R g I i a b i 1i tv s tudy ;  r e v i s e d  p i c t u r e  i d e n t i f i c a t i o n
C a t e g o r i e s : ( t ) = t a r g e t <p)= p rac t i ce  (o)=or thogr i
(v)=visemic d i s t r a c t o r  (s)=semanti<
P i c t u r e % c o r r e c t I n c o r r e c t
name (lOyrs) re s p o n s e s  (no. )
PEN 98 f o u n t a i n  p e n ( l )
HEN ( t ) 67 c h i c k e n d S )  cocke re l  (2)
MAP (p> 100
BOOK ( p) 100
KITE <p) 100
BEE 91 wasp ( 4 )  ’ ? '  (1)
MAZE (v) 100
HONEY <s) 96 h i v e ( l )  y e l l o w ( l )
BELL (o) 100
KEY ( t ) 100
BEAR 100
HONEY (s) 96 hive<2) y e l lo w ( l )
PIE (v) 80 cake<6) cheese (5)
CHAIR ( t ) 100
BEARD (o) 87 smoke<2) wind<2) f i r e d
BOWL 98 d i s h d )
COAL ( t ) 80 coal  f i r e ( 7 )  f i r e ( 4 )
POOL (v) 98 d iv in g  b o a r d d )
SPOON (s) 100
OWL (o) 100
(Tota l  N = 46)
-3 2 1 -
P i c t u r e % c o r r e c t I n c o r r e c t
name (lOyrs) r e s p o n s e s  ( n o . )
BED 100
BEE (o) 96 w asp( l )  f l o w e r (1) f l y ( l )
PILLOW (s) 91 b e d ( l )  c u s h io n ( l )  ' p i l o t e ' (1) ' c o u o n ' ( l )
PEN (v) 91 f o u n t a i n / c a r t r i d g e  pen (2) bi ro<2)  p e n c i l  (2) 
w r i t e ( l )
HEAD ( t ) 70 f a c e (9) m o d e l / s c u l p t u r e / s t a t u e / b u s t (5) man(l)  
model of  h e a d ( l )
CART 78 wagon(5) wheelbarrow<3) b a r ro w ( l )  c a r r i a g e ( l )
HORSE (s) 100
CARROT (o) 98 ' c a l r o ' (1)
HEART <t) 98 r e d (2)
GATE (v) 100
KNIGHT 98 arm our (1)
NINE (v) 100
EIGHT (o) 100
WHITE ■ ( t ) 87 y e l l o w O )  g r e e n ( l )  moon(l)  ' ? ' ( D
DRAGON (s) 98 f i r e ( l )
DOOR 100
SAW (t ) 100
DOG Co) 100
HANDLE (s) 100
TWO (v) 100
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P i c t u r e
name
% c o r r e c t  
( lOyrs)
I n c o r r e c t  
r e s p o n s e s  ( n o . )
CRANE 93 d i g g e r (2) ' c r a c k e n ' ( l )
GRATER (v) 98 c h e e s e (1)
TRUCK (s) 100
CRAB (o) 98 ‘ c r a d ' (1)
TRAIN ( t ) 100
BOAT 91 y a c h t (4)
MOON (v) 100
NOTE <t) 91 m us ic (2) A(l)  m e a t ( l )
BOOT <o) 100
SEA (s) 83 c l i f f s (6); ' ? '  (1)
SHOE 100
SHOP (o) 96 g r o c e r y (1) ' ( 1 )
SAW (v) 100
FOOT <s) 96 ank le (2 )  l e g ( l )
BLUE ( t ) 100
P r a c t i c e p i c t u r e s
BALLOON (p) 98 * bloeeme'  (1)
CHURCH (p) 100
CASTLE (p> 100
CORE <p) 85 app le (6 )  e a t e n  a p p l e ( l )
MAT (p) 93 welcome m a t ( l )  mat t h a t
WOOL (p) 98 c o t to n  wool (1)
CHAIN (p) 100
SHEEP <p) 96 lamb(2)
PRACTlCgr 
SÊ'T
R ejec te d
' ' . r
-3 2 4 -
Practice:
SÊ'T
-3 2 5 -
srri
-3 2 6 -
SéT  2.
327
5£T 3
i j j  0 6 O Û 0 0
-328 -
-3 2 9 -
ÔÊT 5*
-330-
SÊT 4
-331-
SêT 7
-332-
-333 -
6KT 9
-334 -
S êT  10
J  - E). . S M  t rW  ‘^T'
C olour: b lue
335-
APPENDIX 3:
ARTICULATORY SUPPRESSION EXPERIMENT
-3 3 6 -
E x p e r i m e n t  5 i
P ic tu r e Pseudo-
homophone
VALIDATION RESULTS 
•Hit* Orthographic
match
Correct
rejection
SHOE SHEW 20/20 SHOL 18/18
TWO TOOW 20/20 TWOG 18/18
BOWL BOLE 20/20 BOWD 17/18
TRAIN TRANE 20/20 TRAUN 16/18
KEY KEE 20/20 KEU 14/18
COAL COLE 19/20 COAD 18/18
BEAR BAIR 19/20 BEAR 18/18
HONEY HUNNI 19/20 HONEG 17/18
DOOR DAW 19/20 DOG 15/18
PILLOW PILLOE 19/20 PILWOL 14/18
CRAB KRABB 19/20 CRABE 4/18
BOAT BOTE 18/20 BOAN 18/18
BEE BEA 18/20 BER 17/18
BLUE BLUWE 18/20 BLUGE 17/18
HEART HARTE 18/20 HEATE 14/18
CHAIR CHARE 17/20 ■ CHARI 13/18
SPOON SPUWN 17/20 SPONE 7/18
BOOT BUWT 17/20 BOWT 8/18
NINE NIGN 16/20 NINN 11/18
DRAGON DRAGGEN 15/20 DRANGOR 17/18
DOG DOGGE 13/20 DOGRE 16/18
- 3 3 7 -
P ic tu r e Pseudo­
homophone
'H i t ' O rth o g rap h ic
match
C o rre c t
r e j e c t i o n
CASTLE KARSUL 18/18 CASLET 19/20
CARROT KARRUT 18/18 CAROYN 18/20
KITE KIYT 18/18 KITY 18/20
SAW SOR 18/18 SAO 16/20
BLACK BLAKK 18/18 BLACE 12/20
EIGHT AITE 18/18 EG I TE 9 /2 0
WHITE WYTE 17/18 WHITT 14/20
HORSE HOARSS 16/18 HOPSER 20/20
RED WREDD 16/18 REDEW 20/20
HANDLE HANDUL 16/18 HANDEE 18/20
GREEN GRENE 16/18 GRENS 18/20
SEA CEE 16/18 SES 16/20
POOL PUWL 15/18 POLS 19/20
BALLOON BULUWN 15/18 BALONO 17/20
FOOT PHOOT 14/18 POOFS 20/20
GATE GAITE 14/18 GATS 20/20
OWL OULE 14/18 OWRI 18/20
BELL BELH 13/18 BELC 20 /20
SHOP SHOPPE 10/18 SHOMPH 18/20
CHAIN TCHANE 9/18 CHANIS 19/20
CHURCH TCHERCH 6/18 CHUCHET 20/20
R e jec te d
MOON MUWN 13/18 MONE 12/20
BED BEHD 12/20 beud" 12/18
PEN PENNE 11/20 PEEN 9/18
338-
“>LOAD "W2" BASIC program f o r
> L IS T
OREM pseudohomophones
20 * F X 1 5 , 1  
40  MODES
60 V D U 2 3 , 1 , 0 ; 0 ; 0 ; 0 ;
80  P R I N T T A B ( 1 ; 1 ) "WORDS 2"
10 0  FORQ=0 TO 3 000  
12 0 NEXTQ 
14 0 MODES
1 6 0  V D U 2 3 , 1 , 0 ; 0 ; 0 ; 0 ;
1 8 0  SOUND 1 , - 1 0 , 8 0 , 1 0
2 0 0  CLS: FORZ=0 T 0 5 0 0 0
2 2 0  NEXTZ
240REM
2 6 0  CLOSE30
2 8 0  CNT=1
3 00A=1 
320CLS
3 4 0 D I M N $ ( 1 0 0 )
3 6 0  DIMTO(IOO)
37 0 PRINTTAB( 5 , 3 0 ) "START NOW"
373  FOR K=0 TO 5 0 0 0  
3 7 6  NEXT K 
3 8 0  PROCDATA
4 00PROCMATCH 
4 2 0  G O T01700  
4 4 0
4 60 DEFPROCMATCH 
480REM****MATCH WORDS****
5 0 0  A$=N $(A)
52 0 REM WORD MATCH 
5 4 0  SOUND 1 , - 1 0 , 5 2 , 2  
5 6 0  CLS
5 6 5  FOR B=0 TO 5 0 0
5 6 6  NEXT B 
5 8 0 P R I N T T A B ( 7 , 1 6 )  ;A$
6 0 0  T 1 = 0 : T 2 = 0
6 2 0  TIME=T1
640  X $=IN K E Y $( 1 0 0 0 0 0 )  :TIME=T2 
6 6 0 I F  GET$="Y" THEN GOTO 680  ELSE 7 00
680 CLS;GOTO72 0
700CLS
7 2 0 X $=IN K E Y $( 1 0 0 0 0 0 )
729 REM**LAST STIMULUS**
7 3 0 I F  A=21 THEN GOTO 8 6 0 ELSE: 740
7 4 0 I F  GET$="Y" THEN GOTO 76 0 ELSE760
7 6 0 CLS
7 7 0 PRINTTAB( 5 , 3  0 ) "START NOW" : FOR W=0TO5000
7 8 0 NEXTW
8 0 0 A=A+1
8 2 0 CNT=CNT+1
8 4 0 I F  A<2 2 THEN GOTO480 ELSE 860
8 6 0 ENDPROC
88 0 P R I N T T A B ( 7 , 1 6 ) " * * * * * * * * * "
900 Y $=IN K E Y $( 1 0 0 0 0 0 0 )
920 I F  GET$="Q" GOTO 9 4 0
940 GOTO 84 0
96 0
98 0 DEFPROCTIME
1 0 0 0 REM * * * * T T M E !* * * *
1 0 2 0 X=OPENOUT("TO")
1 0 4 0 N=1
c o n t d , / .
1080 PRINT#X,TO(N)
1100 N=N+1
1120 IF N=100 GOTO1140 ELSE1060 
1140 CLOSEÿX 
1160 ENDPROC 
1180
12 00DEFPROCDATA 
1220N$(1)="GRENE"
1240N$(2)="TWOG"
1260N$(3)="BULUWN"
1280N$(4)="B0WD"
1300N$(5)="HEATE"
1320N$(6)="BLUGE"
1340N$(7)=»'KEU"
1360N$(8)="KARSUL"
1380N$(9)="CEE"
1400N$(10)="HANDUL"
142ON$(11)="DOGRE" 
1440N$(12)="CRABE"
1460N$(13)="SHOPPE"
1480N$(14)="CHAYNE" 
1500N$(15)="KARRUT"
1520N$(16)="PILWOL"
1540N$(17)="SOR"
1560N$(18)="BOAN"
1580N$(19)="BELH"
1600N$(20)="DOO"
1620N$(21)="CHARI"
164 0ENDPROC 
1660
1680 END 
1700CLS
1720 FOR J=0TO5000 
1740 NEXT J
1760PRINTTAB(5,16)"Now take a rest" 
1780 END
-3 4 0 -
APPENDIX 4:
SPELLING EXPERIMENT
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Experiment 6: 
Deaf
No. %
SPELLING ERRORS -  JUDGES' CATEGORIES
CATEGORY No.
Hearing
%
Phonetic
3.22
4.84
2.42
0
pure phonetic (p i)
weak phonetic (p2) 
double /s ingle (p3) 
redundant 'e ' (p4)
56
34
10
5
38.88
23.61
6.94
3.47
Graphemic
11
13
16
2
11
2
32
8.87 
10.48 
12.9
1.61
8.87 
1.61
25.81
a d d itio n /d e le tio n  <gl) 
redundant 's ' (g2)
anagram (g3)
wrong vowel (g4)
wrong consonant <g5) 
consonant/vowel <g6) 
word s u b s titu t io n  (g7)
7 
0 
5 
1
8 
1
11
4.86
0
3.47
0.69
5.56
0.69
7.64
7.26 Visemic (v) 0.69
15 12.1 U nclassified (u) 3.47
124 99.99% TOTAL 144 99.99%
P ic tu re  Deaf
Bell BEEL (p3), BALL (g7)
Maze MAZZE <p3)
Honey HOOLY (v), HONEYS^  <g2),
HEAY (u)
Knight KINGHT <g3); SOLIDER (g3), SOILDER <g3); 
HORES (p i), HOUSE (g7);
AMOURS (g2), SHALLMEN (u)
Hearing
MAZ (p2), MAIZE (p i)
HOUNY (p2), HONCY (g6) 
HONEG (g5), HONE (p2) 
HONNEY (p3), HUNNY (p i) 
HUMY (g5)
KNITE3 (p i)
ARMER (p i)
N.B. S u p erscr ip ts  ind ica te  m u ltip le  in stances o f  an error.
Picture
White
Eight
Nine
Dragon
Bowl
Coal
Owl
Pool
Spoon
Crane
Train
Crab
G rater
Truck
Chair
Beard
Cart
Deaf
WHATE (g4); CRICLE <g3) 
EIGTH2 (g3), EGITE (u)
NICE (g7>
DRANGON (v), DRAGEN^  (p2), 
DRADON <g5>, DANGOR (g3), 
TRANELEG (u)
BLOW (g7)
GOAL <g7), C0ALS3 (g2)
0WN2 (g7)
SP00M2 (g5>,
CRIME (g7), TAIN (g5 + a), 
TACTOR (g l), TACTER (g l), 
TRACHOR <g5), TRUCKING <g7)
TRIAN (p2), TRAINS <g2)
GRAB2 (g7), CRAD (g5), CRAP (v),
CABE (g l), TEAR (u),
GAZERD (u), GRAZE* (g7),
GRAZER (g5), cheese GRAZTER (g l), 
cheese sm all KRITE (v);
SCRPER2 (g l), cheese STRAPER (g5), 
SCARMDE (u), cheese TRAN (u);
CHESEE c u t te r  (g3), cheese CAT (g7), 
CHESEE (g3), CHESSE (p3)
TRUNK (g7)
COMINBE tra c to r  (g3)
CHRAIR (g l)
BEARS <g7), BENRD (g6),
BER AD (g3), BEARING (g l)
BLEER (u), BREND (u), BEE (u)
CAST (g7), CARTER (g l)
PARM (g3); WHEELZARR0W2 (g5), 
WELLBALL (u), CARRIED (g7) 
CARRIDGE2 (p i)
Hearing
WITE (p i) , WHIT (p2)
EIGTH (g3), EGHTE (p i) 
EAGHT (g4)
DRAGEN (p2) 
DRAGCON (p2)
BOWLE (p4), BOLL (p2) 
BOAL (p i); DICHE (p2)
C00L2 (g7), COLES (p i)
OAL (p2 )
SMIWWING pool (p3) 
SWIMING pool* (p3)
SPOOP (g5), SPOONE (p4)
CRACKEN (u), CRAIN* (p i) 
CHRAIN (p i), CRAN (p2) 
DIGER2 (p3)
TRAINE (p4) 
TRANE (p i), TRAN (p2)
CRAD (g5) 
CRABE (p4)
GRAITER (p i) 
GREATER (p i) 
GRATOR* (p i) 
CHEAS g ra te r  (p i) 
CHEES (p i)
LORRIE (p i), LORRE (p2) 
TRUNCK (v), LOREY (p2) 
RORREY (g5 + a)
CHER (p2), CHIRE (p2)
BARD (g l), BEO (u) 
BEAD (g7), BIRD (g7) 
BREAD (g7)
CRAT (g3), KART2 (p i) 
WHEELBORRW (g l)  
WAGEN (p2), GARAGE (p2)
N.B. S u p erscrip ts  ind ica te  m u ltip le  in s tances  o f  an error.
Picture
Heart
C arrot
Gate
Horse
Saw
Dog
Handle
Boat
Note
Boot
Moon
Head
Bee
Pen
Pillow
Shoe
Blue
Shop
Foot
Deaf 
HREAT2 (g3),
CARRON (v), GARRET (p i), 
CARRAT (p i)
HOARE (g l), 
HOSES (g l)
SAWS2 (g2)
DOGS (g2)
HAND DOOR (g7)
HANDER (g5), KNOP (v)
MUSEC (p2),
SIGN (g7)
BOOTS (g2), long BOAT (g7) 
MOOR (g7)
FACT (g7)
BEES2 (g2), WORSM (v)
FALLOW (g4), PINOW (v), 
POWELL (u), BLOLEM (u), 
BLENO (v), BOWLER (g7),
SHONE (g7), SONER (u)
BLUB (g6)
SHOPPING (g7), GRECORS shop (g3) 
GREENGORCER (g3)
H earing
HARTio (p i), HARTE (p i) 
HAERT (p2), HERT (g l)  
HREAT (g3), HERAT (g3)
GARRET (p i) 
CAR0T2 (p2), CARROTT (p i) 
CARART (p2), CALRO (u)
GAT (p2)
HOARSE (p i), HORES (p2) 
HOUSES (g7), HORUS (p2)
SOW (g7), SOAR (g7) 
SAR (p2>
DOY (g5)
HANDELS (p i), HANNDLE (p3) 
HANLE (p2)
YOT (p i), YAUCHT (g l)  
BOUT (p2), YAHT (p2).
NOGHT (p2), KNOTE (p i)  
MECIC (u)
BOAT (g7), BOT (g l)
MOOM (g5)
EASE (p2); MODLE of head (p2)
BYRO (p i); CARTDRIGE pen (p2) 
FOUTAIN pen (g l)
PILOW (p3), PILOTE (g5) 
COUON (u)
SHOWE (p2), SHOUE (p2) 
SHOSE (g l)
BUL (g3)
SHOPE (p4)
ANCLE (p i), ANCKLE (p i)
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GLOSSARY: INTERNATIONAL PHONETIC ALPHABET
Pronunciation guide to  consonant symbols:
/p / peer /b / beer /m/ mere
/ t / t i e r /d / deer /n / near
/k / keel /g / gear /n / sing
/ f / fea r /v / veer / I / leer
/8 / theme /&/ thee / r / re a r
/ s / seem /z / zeal /w / weir
/  J / sheer /5 / measure / j / year
/h / here
/ t x / cheer /d5 / je e r
vowel symbols, see Figure 4.1 on p.40.)
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